Genetic differences in dystocia, calf condition and calf livability in Holsteins by Teixeira, Nilson Milagres
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1978
Genetic differences in dystocia, calf condition and
calf livability in Holsteins
Nilson Milagres Teixeira
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Genetics Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Teixeira, Nilson Milagres, "Genetic differences in dystocia, calf condition and calf livability in Holsteins " (1978). Retrospective Theses
and Dissertations. 6423.
https://lib.dr.iastate.edu/rtd/6423
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will And a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a defînite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again-beginning 
below the first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy. 
Univers*^  
Microfilms 
International 
300 N. ZEEB ROAD, ANN ARBOR, Ml 48106 
18 BEDFORD ROW, LONDON WCIR 4EJ, ENGLAND 
7907236 
TEIXEI& A ,  NILSQN HlLASftES 
GENETIC OIFFEREHCES IN DYSTOCIA, CALF 
CONDITION AMD CA.LF LIV ABILITY IN HQLSTEINS. 
IOWA STATE UNIVERSITY, PH.D.,  1978 
UniversiV 
Micrdnlms 
International 300 N. ZEEB ROAD, ANN ARBOR. Mr 48106 
Genetic differences in dystocia, calf condition 
and calf livability in Holsteins 
by 
Nilson Milagres Teixeira 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department» Animal Science 
Major* Animal Breeding 
Approved » 
In Charge of Major Work 
For the Major Department 
For the Graduate College 
Iowa state University 
Ames. Iowa 
1978 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF COMTENTS 
Page 
INTRODUCTION 1 
LITERATURE REVIEW 4 
Factors Affecting Calving Performance 5 
Best Linear Unbiased Prediction 18 
NATURE AND SOURCE OF DATA 25 
The Data 28 
METHODS OF ANALYSIS 32 
Statistical Model 32 
Estimation of Variance Components and 
Solutions to BLUP Equations 33 
Accounting for Relationships Among the Sires 36 
Estimation of Heritability 40 
Transformation of Heritability from Discrete 
to Normal Scale 43 
Methods of Comparing Solutions 45 
RESULTS AND DISCUSSION 47 
Constant Estimates for the Fixed Effects 
of Sex and Parity 51 
Estimation of Variance Components and 
Heritability 52 
Mixed Model Solution to Sire Evaluation 61 
Probability Statements About Sire's 
Estimated Breeding Values 90 
SUMMAHY AND CONCLUSIONS 95 
LITERATURE CITED lOO 
ACKNOWLEDGMENTS 105 
iii 
LIST OF TABLES 
Table 1. 
Table 2. 
Table 3. 
Table 4. 
Table 5. 
Table 6. 
Table 7. 
Table 8, 
Table 9. 
rr* 1— 1 — •* r\ 1 CkUXtS JL V # 
Table 11. 
Table 12 
Description of calving scores 
Pedigrees of bulls evaluated 
Frequency distribution of calving 
difficulty scores (percent) 
Frequency distribution of calf condition 
scores (percent) 
Frequency distribution of calf 
livability scores (percent) 
Number of calvings, sires and mean number 
of progeny per sire for sire-of-calf and 
parity-of-dam analyses 
Constant estimates for the fixed effects 
of sex and parity for sire-of-calf and 
sire-of-dam 
Estimates of variance components 
Heritability estimates of calving diffi­
culty, condition and livability of the 
calf as trait of the calf, as trait of the 
dam and heritability of maternal effect 
Estiiiiatés of variance components and heri­
tability as a trait of the calf in heifers 
and older cows 
Comparison of estimates of sire-of-calf 
breeding values for calving difficulty, 
condition and livability of the calf as 
evaluated by considering the relationship 
(REL) and no considering the relationship 
among sires (NREL) 
Comparison of estimates of sire-of-dam 
breeding values for the different traits 
as evaluated by considering the relationship 
(REL) and not considering the relationship 
(NREL) among sires 
Page 
26 
30 
48 
49 
49 
51 
53 
54 
56 
58 
63 
67 
iv 
Table 13. 
Table 14. 
Table 15. 
Table 16. 
Table 17. 
Table 18. 
Table 19. 
Table 20. 
Table 21. 
Page 
Ranks of sire-of-calf estimates as 
evaluated by considering the relation­
ships (REL) and not considering the rela­
tionships among sires (NREL) 69 
Ranks of sire-of-dam estimates as evaluated by 
considering the relationships (REL) and not 
considering the relationships among sires 
(NREL) 73 
Comparison of error variances of prediction 
of sire-of-calf estimates for the different 
traits as evaluated by considering the rela­
tionship (REL) and not considering the rela­
tionship among sires (NREL) 74 
Rank and product moment correlations between 
sire-of-calf estimates for the different 
traits as evaluated by considering the rela­
tionships (REL) and not considering the 
relationships among sires (NREL) 80 
Rank and product moment correlations between 
sire-of-dam estimates for the different traits 
as evaluated by considering the relationships 
(REL) and not considering the relationships 
among sires (NREL) 81 
Rank correlations between sire estimates 
as a sire-of-calf and sire-of-dam as 
X WAAC A. O X O W X i AOA A X ^  O 
(REL) and not considering the relationships 
among sires (NREL) 83 
Rank and product moment correlations between 
sire-of-calf estimates and percentages 86 
Regressions of mixed model sire-of-calf 
estimates on percentages 86 
Kank and product moment correlations between 
sire-of-calf estimates when mated to heifers 
and to older cows 89 
V 
Page 
Table 22. Probability of breeding value of a bull 
for calving difficulty be greater than 
the average 93 
Table 23. The 95% confidence limits on the true value 
for a bull for calving difficulty 94 
1 
INTRODUCTION 
The genetic improvement of dairy cattle is a two-phase 
process. The first is devoted to assessing each animal's 
genetic value so that animals with superior genotypes can be 
identified. The second is making the best possible utiliza­
tion for breeding purposes of the animals with superior geno­
type so that rate of genetic progress will be maximized. In 
these contents, sire evaluation and selection are the two 
most important single sources of genetic improvement. Bulls 
also can have more offspring in a shorter time, making more 
discriminating selection among males possible. 
In optimizing total genetic gain, all characters of eco­
nomic importance should be considered in modern cattle breed­
ing programs. As a secondary character, calving performance 
has become important in recent years. This importance is not 
limited to the loss of calves, but also concerns generally 
lowered fertility of the dams and increasing culling of cows. 
Furthermore, normal reproduction should be regarded as impor­
tant for any population that must be able to survive under a 
variety of environmental conditions, even in the future. The 
general breeding goal in this respect may, thus, for most 
populations be simply defined as an easy parturition, irres­
pective of parity, which produces a healthy and viable calf 
with good growth potential. 
The most important causes of calving problems involve 
both the dam and her calf and, therefore, from a genetic point 
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of view calving problems should be analyzed in relation to 
both of these sources. The traits then are used as a char­
acter of the calf or as a character of the dam. 
Each parent transmits one-half of its genes to each off­
spring. The genetic contributions from the two parents are 
combined in the offspring. Therefore, with knowledge of the 
parental breeding values, breeders can predict the offspring 
performance reasonably well when heritability is high. In 
sire evaluation, the issue is to predict which sires will 
produce the best offspring when all sires are mated to a 
random set of cows. When these cows are unrelated to the 
sires, or the offsprings are half-sibs, the sires are 
evaluated for traits of their offsprings. On the other hand, 
if the random set of cows mated to the sires are daughter 
groups of the sires being evaluated, the evaluation of the 
sire is for traits of the dam. 
xi. ycucuxc X trxciuxwiiOiAx^o caxoi« aiuxjn^ ittciAijr ux uiic oxtco 
under evaluation, accounting for such relationships theo­
retically would increase the accuracy of evaluation, since 
more information on each sire would be available from their 
relatives. 
To optimize progeny testing and selection programs, there 
is a need for better knowledge than is usually available on 
the inheritance and relationships between different traits, 
especially the relationships between the traits of the calf 
and those of the dam. Evaluation of the maternal performance 
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of a sire's daughters relative to their overall reproductive 
potential, including calving data, can enhance the value of 
these sires to the industry. 
The main purpose of the present study was to estimate 
sire transmitting abilities for calving difficulty and for 
condition and livability of the calf at birth, using varia­
tions of mixed model techniques. Variations in the model 
definitions were in the use of relationships among sires and 
the sire fitted in the model. 
Information on other questions was also obtained in this 
study as follows: (1) estimates of sire and error components 
of variance for calving difficulty, condition and livability 
of the calf at birth utilizing an iterative MINQUE procedure, 
(2) estimates of heritability of calving difficulty, condition 
and livability of the calf as traits of the calf and as traits 
of the dam. 
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LITERATURE REVIEW 
The capability of animals to live and reproduce must 
have been influenced by natural selection for a long time, 
so that one would expect making great genetic improvement 
through selection would be difficult. Little additive genetic 
variability may be left so that a low heritability for repro­
ductive traits is expected. However, there is considerable 
genetic variation in calving performance both between and 
within breeds as shown by the research of Sagebiel et al. 
(1969), Monteiro (1969), Laster (1974), and Philipsson (1976b). 
Van Dieten (1963) observed in fairly extensive data a varia­
tion in frequency between 6 and 31% of abnormal parturitions 
between sires of calves. Stillbirth rates varied between 8 
and 40%. Great variation was also reported between maternal 
grandsires. Dreyer and Smidt (1966) reported significant 
differences in difficult births among 45 Black Pied Lowland 
sires with a range of 3.8 to 23.5% incidence of difficult 
births. Dreyer and Leipnitz (1971) also observed significant 
differences among sires with a range of 1.9 to 25% for diffi­
cult births and 0 to 37% for calf losses. 
Any variation in the process of parturition is of impor­
tance for the viability of the calf» When more time or effort 
than is normal is required to deliver the calf, the problem is 
referred to as calving difficulty or dystocia. The degree of 
dystocia associated with a given birth is difficult to 
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determine. Descriptions are usually based on the amount of 
assistance given to the cow in delivering the calf. Such 
descriptions reflect both the propensity of the herdsman to 
render aid, and the actual incidence of dystocia. The rela­
tive importance of easy calving and live born calves has in­
creased, both for meat production and for replacement in the 
dairy herd. Cows that experience dystocia have been shown to 
have poorer subsequent reproductive performance than cows 
that do not experience dystocia (Brinks et al., 1973; 
Laster et al., 1973). 
Many environmental and genetic factors are associated 
with calving performance. Yet, knowledge concerning the 
genetic factors, and how the calf and the dam affect calvina 
performance is not well-known. 
Factors Affecting Calving Performance 
FhilipsSori (l97&a) gives an extensive review of factors 
that influence calving performance. Only some aspects of 
certain of these factors will be included here. The factors 
that influence calving performance are usually divided into 
components attributable either to the calf or to the dam, but 
in many cases they can be combined. The causes may also be 
considered as either genetic or environmental. 
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Age or parity flf the dam 
Among dam components affecting calving performance 
parity is by far the most important single cause of variation. 
This factor may be considered as environmental. In general, 
research has shown the frequency of dystocia and stillbirth 
to be two to four times higher for heifers than for older 
cows (Bar-Anan et al., 1976; Philipsson, 1976a). Knowledge 
about the influence of age and/or parity is of great importance 
to breeders when planning the most preferable time for the 
mating of heifers. 
Van Dieten (1963) suggests that it is the mere fact that 
the process of parturition is taking place for the first time 
for heifers that makes the difference between heifers and 
cows, rather than age itself. Miller (1973) suggests that the 
cause for primiparous animals experiencing most of the prob­
lems in calving is a function of relative size of the calf to 
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grown to approximately 75% of their mature size but produce 
calves that are 90% as large as those from older cows. 
Anderson and Bellows (1967), working with straightbred 
Herefords, reported 9.9%, 4.3% and 2.4% calf losses for 3-year-
old, 4-year-old and 5- through 10-year-old dams, respectively. 
The percentage of losses for 3-year-old heifers was signifi­
cantly greater than for the other age groups. Brinks et al. 
(1973), also in Herefords, showed that the frequency of calving 
difficulty differed with age of dam; 2-year-old dams experi­
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enced the most difficulty. The authors also reported that 
heifers experiencing calving problems as 2-year-old dams 
weaned 11% fewer calves of those born the first year and 14% 
fewer calves per cow exposed the second year, when compared 
to contemporaries with no difficulty at first parturition. 
Laster et al. (1973) reported that, when Angus and Here­
ford cows were bred to bulls of five other breeds, age of dam 
was a major source of variation associated with calving diffi­
culty. Dystocia in 2-year-old cows was 36% higher than in 
3-year-olds and about 45% higher than in 4- and 5-year olds. 
Pollak and Freeman (1976) in a study similar to the 
present one found in Holsteins a significant different be­
tween average calving difficulty of first-calf heifers and 
those animals having their second and later calves. They 
also pointed out that the majority of the problems with 
births are in the first parturition. Also, in Holstein 
cattle, Fuilipsson ( 197&a) reported siore difficulty in call­
ings of heifers than in older cows; the frequency of calving 
difficulty was 15.7% and 4.8%, respectively. 
Sex of calf 
There is a general consensus that more male than female 
calves require assistance at birth» Rice and Wiltbank (1970) 
found in Hereford and Angus data a correlation of -0.39 be­
tween the sex of the calf and dystocia, scoring males as 1 
and females as 2. Using the same scoring system. Bellows 
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et al. (1971) reported significant correlations (P<0,01) of 
-0.47 and -0.26 for Angus and Hereford cows, respectively, when 
fitting calf size in a model for dystocia. Laster et al. 
(1973), in the same breeds, reported a higher percentage of 
calving problems in male calves than in female calves for all 
ages of cows. They found the magnitude of the difference be­
tween sexes was greater in 2-year-old cows than in other age 
groups. Philipsson (1976b), in data from Friesian, Swedish 
Red and White cattle, and Swedish Polled cattle, observed sex 
to have a significant influence on calving performance. For 
all breeds, male calves caused more trouble at calving and 
had a higher stillbirth rate than female calves; 20% and 10% 
of male and female calves, respectively, had difficult calv-
ings. When he looked at the differences between the sexes 
within birth weight classes, he found that the effect of sex 
on calving performance may to a large extent be dependent on 
the ScX diffsrsncGs in birth vsight. 
Pollak (1975), whose data are similar to those of the 
present study, showed significant mean differences for dystocia 
and calf size between the sexes with males being larger and 
experiencing more difficulty at birth than female calves. He 
concluded that sex of calf adjustments should be made on 
records, especially when there are relatively few offspring 
per sire. 
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Season of calving 
Knowledge about the influence of season of calving is 
important to breeders when planning the preferred time for 
mating the heifers and cows. Also, if season effects are 
real, they should be accounted for in evaluating sires. 
Several studies have shown a large seasonal variation in 
calving performance. It may be difficult in many cases to 
compare the effects of season for different regions because 
of differences in climate and methods of cattle husbandry. 
Nevertheless, fairly similar results have been reported in 
most of the studies. 
Van Dieten (1963) in the Netherlands found higher fre­
quencies of calving difficulty for MRY cattle in late autumn 
and early spring than during the rest of the year. Stegenga 
(1964) found similar results for stillbirths in Friesian 
cattle and suggested that seasonal differences in hormone con-
CGnui. ouluiia uiojr wc i. c&puii&xx/xt:; i.Ox uiic Dtsoouiiox vai^xauxuii xii 
stillbirth rates. He also referred to a generally poorer 
reproductive efficiency during periods of increased still­
birth rate. 
Willham (1970), analyzing calving data from Charolais, 
found that although the year and month of calving had rela­
tively little effect on calving difficulty, fall calvings 
were somewhat more difficult than spring calvings, 
PollaK (1975) reported more dystocia in the winter months, 
October through March, than in the other months. He suggested 
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that these results may be a function of the herdsman being 
more available to assist calving during the winter months. 
Also, cows generally get less exercise during winter months 
which could possibly be a cause of more dystocia. He con­
cluded that regardless of the cause for seasonal differences, 
whether biological or management, correction must be made for 
seasonal effect when planning sire evaluation procedures. 
Bar-Anan et al. (1976) found that season affected sig­
nificantly the incidence of difficult calvings and perinatal 
calf mortality in heifer calvings, the incidence being higher 
in winter and lower in summer calvings. The authors suggested 
that in view of the significant herd-type and season effects 
on calving characters in heifer calving, it would be worth­
while to conduct progeny tests for calving difficulty and 
perinatal calf mortality in heifer mates, on a within-seasons 
and herd-type basis, as is done in contemporary comparison 
CCBUa ltlXJ,rL pJ.UCIUUt.XWAi* 
Philipsson (1976b), working with Swedish Friesian heifers, 
found significant seasonal variation in calving performance. 
The fewest calving difficulties and stillbirths were found 
during spring and late summer months, and the greatest number 
were found during the winter. He reported that seasonal varia­
tion in calving performance is largely independent of a corre­
sponding variation in birth weight and gestation length. He 
also suggested that the best calving results are obtained 
during the pasture season, a fact which may be attributed to 
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increased daylight and exercise. 
Combined factors associated with dystocia 
Bredahl (1970), working with calving scores in the range 
from 1 through 17 based on numerical codes for presentation, 
position and degree of assistance at birth, reported that 
calving scores for Holsteins increased almost 0,3 of a score 
unit for each additional pound of birth weight when pelvic 
depth and width at the hips were held constant. One extra 
centimeter in the depth of the pelvic opening reduced the 
calving score by 0.48 units when the other variables were held 
constant. He found lower calving scores when the calves were 
wider, if birth weight and depth-of-the pelvic inlet were 
held constant. 
V/illham (1970), analyzing calving scores in Charolais 
for the effects of sire-of-calf, year-of-calving, sex-of-calf, 
age-of-dam in years, month-of-calving and weight-of-cow before 
calving* reported sire-of-calf as a significant source of 
variation. Year-of-calving, sex-of-calf and month-of-calving 
had relatively small effects. 
Bellows et al, (1971) regressed calving difficulty score 
on factors attributed to the dam such as precalving weight, 
total gestational weight gain, fat thickness, condition score 
and pelvic area and factors attributed to the calf such as 
gestational length, sex-of-eaif and calf-birth-weight. They 
found less than 50% of the variation in calving difficulty 
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vas accounted for by the variables included in the model. 
Calf-birth-weight was found to be the most important factor 
associated with calving difficulty. 
Brinks et al. (1973) studied dystocia as a trait of the 
calf using all records and found significant (P<0.01) main 
effects of years, sex-of-calf, age-of-dam, line-of-sire-of-
calf and sire-within-line-of-calf's-sire while inbreeding-of-
calf, inbreeding-of-dam, and line-of-sire-of-dam were not 
significant. Using first calf heifer records (2-year-old 
dams), sex, line-of-sire-of-dam, and sire-within-line-of-
calf 's-sire were found to be significant (P<0.05) while 
line-of-sire-of-calf remained highly significant (PcO.Ol). 
IVhen they examined dystocia as a trait of the dam, signifi­
cant year, sex-of-calf, age-of-dam, sire-within-line-of-dam, 
regression of day born, inbreeding-of-dam, and line-of-sire-
of-calf effects were found using all age records. In the 
first calf heifers, only sex-cf-calf, lins-cf-sire-cf-calf 
and line-of-sire-of-dam were significant. 
Wilson et al. (1976) reported that the dystocia score 
was significantly affected by county-of-birth, parity-of-dam, 
sire, type-of-birth, birth-weight, season-of-birth and sex-
of-calf, but there were no significant effects of breed- or 
size-of-cow. 
Philipsson (1976a), working with two different breeding 
units with different breeding programs, compared two calving 
scoring methods. Calving score I was constructed by giving 
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easy, normal and difficult calving the values 1, 2, and 3, 
respectively. An all-or-none trait was used by considering 
the difficult calvings of one and the others as zero (Calv­
ing score II). Regressing calving performance on the vari­
ables sire-of-calf, maternal-grandsire-of-calf, sex-of-calf, 
age-of-dam (linear and quadratic), month-and-year, and year-
of calving demonstrated that valuable information may be lost 
when calving performance is split into two classes instead of 
three. It is well-known that coarseness of grouping loses 
information for a continuous variable. 
Pollak (1975) analyzed factors affecting dystocia using 
5000 Midwest Breeders Coop, records and 16000 Select Sires 
Inc. records. Herd, age-of-dam, sex-of-calf, size-of-dam, 
season, sires and the interactions age by sex and sex by 
size were considered in a model for calving dystocia. The 
results of the analyses, in both sets of data showed signifi­
cant age-of-dam, sex-of-calf, season, calf-size, herd- and 
sire-differences. The fixed interaction between age and sex 
was significant along with the random interactions, herd 
by sire and age by sire. The random interactions accounted 
for a very small percentage of the total variation, neither 
size-of-the-dam nor its two-way interaction was found 
significant. 
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Heritabilitv of calving performance 
Genetic effects of calving characteristics can be exerted 
via the genotype-of-the-calf or via the genotype-of-the-dam. 
For this reason, heritabilities may be calculated by using the 
trait either as a character of the calf or as a character of the dam. 
Relatively few estimates of heritability of calving per­
formance are available. Smidt and Cloppenburg (1967) reported 
heritability estimates of 0.043 for first calf heifers and 
0.037 for all cow ages. 
Willham (1970), using correlation among the scores of 
cows having the same sire, found an estimate of 0.09 in 
Charolais. 
Brinks et al. (1973), in four different analyses using 
intraclass correlation between paternal half-sibs, reported 
estimates in Herefords. Considering calving difficulty as a 
trait of the calf, the estimated heritabilities were 0.069 
and 0.126 for cows of all age classes and 2-year-olds, re­
spectively. When calving difficulty was considered a trait 
of the dam the estimates were 0.134 and -0.003 for all cows 
and 2-year-olds, respectively. 
Schlote et al. (1975), scoring calving performance as 
1 - normal and 2 - difficult or with help of veterinarian, 
found estimates of heritability considering calving difficulty 
as al all-or-none trait. Examining calving dystocia as a 
trait of the calf, the authors reported estimates of heri­
tability in the range of 0.03-0.08, 0.03-0.10, 0.01-0.05 for 
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Simmental, German Friesian and German Red and White, re­
spectively. The authors suggested that the low heritabilities 
are due to unprecise registration of calving difficulty. 
Pollak (1975) reported heritability estimates for dystocia 
of 0.08 and 0,05 using all records and 0.18 and 0.36 using 
first calf heifer records only, for Midwest and Select Sire 
data, respectively. When he considered dystocia as a trait 
of the dam using all records, he found an estimate of heri­
tability of 0,11, slightly higher than that considering dif­
ficulty as a trait of the calf, Pollak concluded that a 
heritability estimate of 0,08 seems reasonable for dystocia 
using all records and that with this low an estimate many 
numbers are required to accurately ascertain a sire's breed­
ing value. In addition, this indicates a large variation 
within sires. It is unlikely that dystocia can be eliminated 
by using sires ranked highest for ease of calving, 
Bar-Anan f^t al- (1976) used thç betwenn and within Rirp» 
variance components to estimate heritability in Israeli 
Friesian. The estimates were found using three different 
models: (l) two-way analyses of variance, (2) hierarchical, 
one-way analyses with sires nested within herd-types and 
year, and (3) empirical heritabilities. Considering calving 
performance as a trait of the calf the estimates were 0.042, 
0.042 and 0.045, respectively, for the above models. When 
calving performance was treated as a trait of the dam the 
estimates were 0.018, 0.028 and -0.003, for the three models. 
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respectively. Taking the average of the three analyses, 
the heritabilities of calf-effects in heifer calving were 
slightly greater than 0.04; the corresponding dam-effect 
heritabilities were smaller, about 0.02. In parities > 2 
the heritabilities were 0.005 and 0,013; the corresponding 
dam-effect heritability was 0.004. 
Auran (1972), in a study of factors affecting the fre­
quency of stillbirths in Norwegian dairy cattle, presented 
estimates of heritability of stillbirth as a trait of the 
calf and as a trait of the dam which were not significantly 
different from zero. He suggested that selection for fre­
quency of stillbirth is ineffective and that the reduction of 
stillbirth is more a question of taking into account the 
environmental factors which influence it and breed of the 
animal. 
Lindstrom and Vilva (1977), studying Ayrshire cattle, 
reported a tendency for the heritability of stillbirth to be 
lower in heifer calvings than in later calvings. They sug­
gested that this fact may be a reflection mainly of the 
greater accuracy with which the "true" calf mortality is es­
timated for cow calvings. Although heritability estimates are 
rather low, both Van Dieten (1963) and Bar-Anan (1972) 
have shown improvement in calf livability, the main reason 
for this being selection. 
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Summary of factors affecting dystocia 
Many environmental and genetic factors are associated 
with dystocia. The most important factors seem to be breed 
or crossbreeding combination, parity of the dam, season of 
calving, sex and birth weight of the calf. Differences exist 
between bulls when they are evaluated as sire-of-calf or 
sire-of-dam. As a trait of the calf, some heritabilities 
for dystocia were: 
Smidt and 
Cloppenburg (1967) 
Willham (1970) 
Brinks et al. (1973) 
Pollak (1975) 
Bar-Ànan et al. 
(1976) 
For stillbirth rate at first calving,the heritability is 
Usually lèss than 5% anu this hcritatnlity tends to t>c much 
lower at later calvings. Bar-Anan et al. (1975) examined 
stillbirth rate as a trait of the calf and found estimates 
of 0.042 and 0.013 for first calf heifers and parities equal 
or greater than the second, respectively. Some heritability 
estimates for dystocia as a trait of the dam wares 
0. 043 first calf heifers 
0. 037 all cows 
0. 09 all cows 
0. 126±0 .109 first calf heifers 
0. 069±0 .022 all cows 
0. 08±0. 026 all cows 
0. 18 first calf heifers 
0. 043 first calf heifers 
0. 005 parities > second 
0.134 
-0.003 
0.11 
0.022 
all cows Brinks et al. (1973) 
first calf heifers 
all cows 
first calf heifers 
Pollak 119/5; 
Bar-Anan et al. 
(1976) 
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As a trait of the dam,the analysis of stillbirth led to esti­
mates of heritability of 0.018 and 0,004 for first calf 
heifers and parities equal or greater than second, respec­
tively (Bar-Anan et al., 1976), 
Although low heritability estimates indicate a small 
amount of additive genetic variance available, differences 
between sires have been shown to be real. Thus, given a large 
number of calving records per sire, it is possible to identify 
sires characterized by a high or low incidence of calving 
difficulties or stillbirth rates among their mates or 
daughters. 
Best Linear Unbiased Prediction 
The general principles of prediction of breeding values 
by best linear unbiased prediction methods (BLUP) have been 
described by Henderson (1963, 1973). A mixed linear model is 
implied in these predictions, CômpOSêd o£ both fixed and ran­
dom effects. The determining factors for deciding whether a 
set of effects is fixed or random are the context of the data, 
the manner in which they were gathered, and the environment 
from which they came. In considering these points, the impor­
tant question is that of inference. When inferences are to 
be confined to the effects in the model, the effects are con­
sidered fixed; and when inferences will be made about a popu­
lation of effects in which those in the data are considered 
to be a random sample then the effects are regarded as 
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random (Searle, 1971). 
Generally, when many sires with progeny are available 
they are considered random variables. Considering sires random 
can be used in predicting differences among sires. Predic­
tion is concerned with differences among random effects 
whereas estimation is associated with fixed effects. 
The choice of a model is a main concern in sire evalua­
tion. In choosing a linear model to be used in Henderson's 
mixed model solutions to sire evaluation, care must be taken 
so that the model will be as simple as possible and will 
account for the most important sources of variation. The 
more complete the model, the less the chance for bias to 
occur; however, adding unimportant elements to the model 
results in greater computational cost and larger sampling 
variance (Henderson, 1973). 
Henderson's mixed model procedures with BLUP properties 
provides a modification of least squares to predict differ­
ences among random effects. Henderson (1963) has formulated 
a general mixed linear model as 
y = X 3 + Z u + e  ( 1 )  
where 
y = vector of observations, 
3 = vector representing all fixed effects, for instance, 
herd-year-season effects, 
u = vector representing all random effects, for instance, 
sire effects. 
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e = vector of residual random effects. 
X and Z = incidence matrices of zeroes and ones de­
scribing each observation. 
It is assumed that. 
"y" X0" y V ZG R 
u 0 and Var u = GZ' G 0 
e 0 e R OR 
2 2 
where, R = la^ and G = . 
The Best Linear Unbiased Predictors will be linear 
function of y, will have the same expectation as what is beinç 
predicted, and will minimize the mean square error of predic­
tion. In addition, of all linear functions of y that could 
be calculated, the Best Linear Unbiased Predictors will have 
the smallest mean square error of prediction for a given 
model. It is known (Henderson, 1963) that u, BLUP of u, can 
be obtained by solving the following equations* 
X'R'^X X'R~^Z 
Z'R hi 
r -i~i 0 X'R -Ly 
+ G ^ u Z'R'ly 
( 2 )  
2 2 If R = Ia_ and G = la are substituted into these equations, 
then the following simplified equations are obtained: 
(3) 
7 . 0 
where is the ratio of error to sire variance, 
e s 
Therefore, sire estimates, when sire effects are assumed 
random, are obtained by simply adding the variance ratio 
2 2 ( o / a )  t o  t h e  d i a g o n a l  o f  t h e  l e a s t  s q u a r e s  s i r e  e q u a t i o n s .  
X'X X'Z T X ' y  
Z'X Z'Z + la^a^ u Z'y 
21 
Augmenting the diagonal regresses sire means for number of 
daughters, and imperfect heritability. Thus, some knowledge 
2 2 
of the ratio must be available, or one can estimate it 
by techniques such as the one given by Schaeffer and Burn-
side (1974). 
Equations 2 are general, and R and G can be matrices 
other than diagonal as assumed for equations 3. The results 
for the latter are based on an assumption often made by ani­
mal breeders that G and R are diagonal matrices. When G is 
assumed to be diagonal, the implication in this case is that 
sires are unrelated to each other. If this is not the case, 
the matrix G can be improved by incorporating additive genetic 
covariance between sires. This accounts for the assumption 
of sires being related and should result in lowered sampling 
variances of prediction of differences among sires (Hender­
son, 1973). This is particularly important when sires have 
Têw proycny• 
Let a linear mixed model be described by (l), and 
assume the fixed effects are herd-year-season and the random 
effects, sires. Lentz et al. (1969) have devised a simpli­
fied procedure to absorb herd-year-season (HYS) equations into 
sire equations. Absorption is merely a mathematical manipula­
tive technique which allows the HYS effects to be considered 
in the analysis without actually estimating them, thus 
minimizing the number of equations to be solved. In their 
procedure records are sorted into HYS order and as they are 
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processed sire equations and HYS equations are collected. 
Each HYS is completed before the next one is started, and 
each may be absorbed into the sire equations as soon as it 
is completed. 
Consider model (1) in its conventional notation 
Yijk = " + hi + Sj + e. 
where i = l,...,q and j = l,..$,p 
Corresponding to this model, those matrices in equations 3 are: 
0 
X'X = 
n 2 .  
n q . .  
n 11. 
n 21. 
n ql .  
n 12. 
n 21. 
n 
'q2. 
n 
n 
Ip. 
2p. 
n qp, 
th 
where n_ is the number of daughters of the p sire in the qp • 
q^^ herd-year-season. 
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Z'X = (X'Z) • 
Z-Z. 
".1. * ,2 
S 
".2. *7 
s 
n 
^•y = [?!.. ^ 2.. • • • 3'q.] 
= [y.i. y.2. • • • y.p] 
The h vector includes the mean (i along with each herd effect, 
i.e., h'=(^ + h^, n + h^t , . *, n + h^). Thus, no restric­
tions are needed on the herd-year-season equations. Since 
2 2 the ratio a-/a_ is added to the diagonal elements of the sire 
equations, no restrictions are needed on them to obtain a 
unique solution. After absorption of the herd-year-season 
equations into the sire equations, the system becomes 
fz'z - Z'X(X'X)~^.'Z].. = Fz'y - z'x(x'x)~V.'y],_.. \ / I pxl / 
where the coefficients are: 
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E(n. A. il. n ) -1.. 
*il."i2. 
'^i.. 
- E 
i n. 
*12."il. 
n. f"i2. 
"i2. 
"i.. 
> . . - E 
i 
"i2."ip. 
"i.. 
2 
i "i.. 
The right hand sides after absorption are: 
Z(n 
n? 
ip, n 1. 
Etfil. - "ilJi..' 
1 
f I'ip. - "ip.?!..) 
Some checks on the accuracy of the computations are recom­
mended. Each complete equation after absorption of HYS, but 
before restrictions are imposed, should sum to zero. In addi­
tion, the right hand sides for all equations should also sum 
to zero, again, before restrictions are imposed. 
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NATURE AND SOURCE OF DATA 
In the present study, the traits calving difficulty, 
condition of the calf at birth and livability of the calf are 
discrete in nature, measured on a narrow scale. The descrip­
tions of the scores and scales of measurement are in Table 1. 
Being discrete, the scores are distributed into sections 
(Table 1). The limits of the sections could be considered 
as thresholds such that the trait is not expressed until the 
threshold is passed. However, with the majority of records, 
for calving difficulty being classified as not difficult, 
the distribution of calving scores diverge from the normal 
distribution. In nonnormal distributions there is usually a 
relation between the variability within the several treatments 
and the treatment means, so that a failure to have a normal 
distribution of errors is likely to be accompanied by a 
failure to have a common variance for the errors. Therefore, 
the assumptions of normality and homogeneity of error variance 
may be violated in these data. Transformations of the pheno-
typic scale of a trait might enable such data to better fit 
the statistical assumptions of the analysis (in practice, 
usually analysis of variance) or the biological assumptions 
of the analytical model. Alternatively, transformations 
might be tried in an attempt to improve the estimates in 
terms of their practical utility. 
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Table 1. Description of calving scores 
Score Dystocia Condition Livability 
1 No problem Normal Alive 
2 Slight problem Weak Dead at birth 
3 Need assistance Deformed Dead within 48 
hours 
4 Considerable force - -
5 Extremely difficult — — 
Quatermain and Freeman (1967) made some transformations 
of data of milk fat percentage used in estimation of genetic 
parameters. They showed that changes in the estimates, as a 
result of transformation of scale, were minimal and not to 
be considered sufficient to make any practical difference. 
When transformed data were used in daughter-dam regression 
analyses; the differences among the various estimates of the 
genetic parameters were small and also of no practical 
significance. 
Bredahl (1970), working with calving scores for dystocia 
in the range of 1 through 17, attempted to transform the 
data, so that they would conform to the normal distribution. 
He used several transformations, but none of the transformed 
data became normally distributed. Pollak (1975), in data 
similar to those of the present study, tried five kinds of 
transformations to reduce the variation between variances of 
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subclasses. The testing of the effectiveness of the trans­
formations used was the residual analysis. The values of the 
F statistic for the residual analysis using transformations 
were all significant at P<0.01 indicating no transformation 
which eliminated the problem. He then used the raw data in 
his analysis. Other studies on transformed and raw data have 
shown that the effects of transformations are minor (Jensen 
et al., 1959; Van Vleck, 1972). Many other studies on simi­
lar data have been performed, but to the present they have 
been without transformation (Sidwell et al., 1962; Wiltbank 
and Harvey, 1963; Bellows et al., 1971; Auran, 1972; Laster, 
1974). Philipsson (1976c) suggested that no transformation 
is necessary when the purpose of a study is mainly to estimate 
genetic parameters that could be used for progeny tests of 
bulls using similar types of data. 
Henderson's BLUP analysis (1974) provides a modification 
of least squares or generalized least squares which assumes 
no distribution for the observations and is applicable to 
discrete data as well as continuous data. Schaeffer and Wilton 
(1976) reviewed Grizzle's et al. (1969) linear model approach 
for the analysis of categorical data in the context of ease 
of calving and prediction of differences among sires. They 
concluded that due to the greater flexibility of the BLUP ap­
proach to handle random elements of the model and also co-
variates over the Grizzle procedure, the BLUP methodology is 
recommended for evaluating sires for ease of calving and any 
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other discrete traits. 
The Data 
The data used in this study were obtained from Select 
Sires Inc. during the period of 1972-1976. The calving re­
ports contained identification of the herd, breeding and 
calving dates, age and size of the dam, sex and size of the 
calf, sire of the calf and descriptions of calving and calf 
characteristics by the herdsman. A total of 13,154 calvings 
were available. Beginning in 1974, calving records for which 
both sire and maternal grandsire could be identified were 
available. A total of 1518 of such records were used. 
Each calving report was classified by year-season of 
birth. The definition of year-seasons was May through Sep­
tember, inclusive, as the year-season i, October to the fol­
lowing April, as the year-season i+1 and so on. Other investi-
tations with milk production shoved that this definition 
would describe and remove most of the differences between 
seasons and years (Bereskin and Freeman, 1965; Kelleher, 
1964). Herdsmen subjectively evaluated the difficulty of 
birth and the condition and livabiiity of the calves follow­
ing the orientation given in Table 1. In the present study, 
condition of the calf was analyzed as an all-or-none trait, 
where weak and deformed calves were considered abnormal and 
given a score of zero and the normal were given a score of 
one. As often happens a calf dies soon after birth as a 
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consequence of a difficult parturition; those calves that 
were dead at birth and those that died within 48 hours of 
birth were classed as dead calves. Therefore, livability was 
also analyzed as an all-or-none trait, where all dead calves 
were considered as zero and alive calves as one. 
Age of cow was recorded as sequential calving numbers, 
not by calendar years such that a cow calving for the first 
time was given age 1, second calvings age 2 and third and 
later lactations age 3. 
There were 147 sires of the calf and 35 sires of the dam 
that were evaluated for genetic merit and sire differences 
which had no less than 10 progeny in at least 10 herd-
year-season subclasses. For livability of the calf, only 34 
sires of the calf satisfied this condition. 
Pedigrees of all sires were traced back two generations 
to identify the bulls, the sires and maternal grandsires of 
these bulls to be used in some of the analyses. Table 2 
shows the pedigree of all bulls with progeny. 
30 
Table 2. Pedigrees of bulls evaluated 
Bull 
NAAB 
code 
Reaistrv number Bull NAAB 
code 
Reaistrv number 
Sire MGS Sire MGS 
71058 1271810 1189870 71240 1458744 1427381 
71063 1189870 1189679 71241 1441440 1427381 
71091 1243697 1027992 71242 1347940 1326835 
71096 1282185 1288610 71244 1471956 1347940 
71107 1124780 856661 71245 1347940 1237057 
71124 1347940 1024856 71246 260599 1428659 
71127 1347940 1189870 71247 1428104 260599 
71129 1392858 1289574 71248 1419528 1399824 
71131 1352979 1112211 71249 1450228 1189870 
71136 1308101 1210507 71251 1458744 1282185 
71145 1392858 1190799 71252 1210507 1237057 
71146 1399824 1192097 71254 1426616 1189870 
71156 1237057 1038509 71255 1428104 1237057 
71161 1450228 1416074 71256 1308101 1392858 
71162 1427615 1417720 71257 1038509 1210507 
71168 1189870 913988 71258 1399824 1367353 
71190 1308101 1237277 71259 1427381 1304781 
71194 1399824 1383247 71260 1355784 1505219 
71200 1392858 1223243 71261 1447141 1401152 
71203 1428104 1001748 71262 1426451 1308101 
71205 1450228 260599 71263 1392858 1406271 
71210 1397209 1246308 71265 1428104 1392559 
71211 1428104 1122127 71266 1454671 1315578 
71213 1399824 260599 71269 1376810 1244845 
71215 1458744 1275764 71271 1428o04 260599 
71216 1355784 1148993 71272 1441440 1206797 
71220 1392858 1210507 71274 1383247 1189870 
71221 1271810 1392858 71275 1458744 260599 
71222 1458744 1210507 71276 1450228 1426616 
71223 1428104 1189870 71277 1430145 1385225 
71225 1458744 1392106 71279 291714 -
71226 1412128 1237057 71280 1430145 1282185 
71227 1458744 1463314 71281 1450228 1406271 
71228 1427615 1315578 71282 1428104 1071565 
71229 1491007 1217478 71283 1347940 1397752 
71231 1428104 1320015 71284 1527798 1189870 
71232 291714 - 71285 1381027 1189870 
71233 1383926 1237057 71286 1458744 1199324 
71234 1427615 1175471 71287 1428104 1087974 
71236 1499581 1473728 71288 1441440 260599 
71237 1447141 1144239 71289 1383247 1399824 
71238 1428104 1240549 71290 1441440 1244845 
71239 1458744 1282185 71291 1491007 1347940 
Table 
Bull 
NAAB 
code 
71292 
71293 
71296 
71298 
71305 
71306 
71311 
71314 
71320 
71321 
71327 
71331 
71334 
71341 
71343 
71344 
71400 
71401 
71403 
71407 
71409 
71410 
71411 
71413 
71414 
71415 
71417 
71418 
71419 
71421 
71422 
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(Continued) 
Registry number Registry number 
Sire MGS code Sire MGS 
1427381 1383247 71423 1387978 1471956 
1308101 1343644 71424 1473442 1336050 
1473442 1148993 71427 1298430 1382498 
1399824 1133635 71428 1505219 1426616 
1038509 955619 71429 1505219 1426616 
- - 71430 1223243 1085978 
1087974 1192713 71432 288790 259668 
1232296 1114081 71435 1470512 1453671 
1897517 1142734 71437 1427381 1406271 
1290182 1144034 71440 1450228 1418353 
1029659 1087974 71441 1393997 1491007 
233528 1038509 71448 1470512 1491007 
1239242 1232296 71450 1458728 1308101 
1271810 1189870 71451 1427381 1406271 
1246708 1062748 71452 1459098 1308101 
1450228 1113350 71453 1347940 1271810 
1430145 1347940 71454 1493686 1386406 
1491007 1237047 71460 1491007 1308101 
1348259 1244845 71473 1492486 1308101 
1352991 1414618 71476 1485550 1392858 
1428104 1348259 71477 1427381 1352979 
1454671 1225575 71488 1242221 -
1491007 1458744 71504 1459996 1362327 
1426616 1189870 71645 1182696 1152351 
1458744 1321904 71665 - -
1450228 1139643 71669 - -
1471956 1347940 71676 1210507 1291499 
1387978 1348259 71914 - -
1427381 1244845 71919 1038509 1024453 
1427381 1406271 71924 1189870 1024453 
1428549 1437721 
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METHODS OF ANALYSIS 
Statistical Model 
The model used to describe each observation was 
Yijklm = * + s. + Pj + h% + + e.jKim 
where 
Y. . , = a record of calving difficulty, condition or 
livability of the calf, 
li = the overall mean, 
s^ = the effect of the i^^ sex of calf; i=l,2, 
p. = the effect of the age-group of dam; 
j=l,2,>3, 
h. = the effect of the kerd-year-season; seasons 
of birth were; 1 - May through September and 
2 - October through April, 
t. = the effect of the i^^ sire; when sire-of-calf 
was included in the model maternal grandsire 
was ignored and vice versa, 
®iiklm ~ mutually uncorrelated random errors and they are 
^ uncorrelated with any other variables in the 
model. 
Assumptions have to be made about the elements in the 
model. Herd-year-seasons might logically be considered random 
because a new sample of data would be from a new set of herds, 
years, and seasons. However, certain breeders tend to use 
better bulls than others and this is reflected in the herd-
year-season means. Treating herd-year-seasons as fixed effects 
eliminates the bias due to differential use of sires from 
among herds. Genetic differences between herds, other than 
what is accounted for by sires of herdmates, are absorbed 
along with herd-year-seasons. 
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Sire effects are their transmitting ability. In the 
model, sires are considered random since they are the result 
of a sampling process, the random segregation of genes. Also, 
the purpose of estimating sire effects is to predict their 
transmitting ability. The other effects of sex-of-calf, 
parity-of-dam and herd-year-season are assumed fixed. 
Estimation of Variance Components and 
Solutions to BLUP Equations 
The models for predicting sire's estimated transmitting 
ability were: NREL - ignoring the relationships among bulls, 
sires, and maternal grandsires of bulls with progeny data; 
REL - the inclusion of relationships among sires. 
An iterative MINQUE (minimum norm quadratic unbiased es­
timator) procedure was used to simultaneously estimate vari­
ance components and solutions to BLUP equations (Schaeffer and 
Burnside, 1974). The MINQUE procedure does not depend on any 
distributional assumptions, and can be used for categorical 
traitsc Since both MINQUF and BLUP require the error to sire 
variance ratio to be known, the variance components and sire 
breeding values are derived iteratively and are MINQUE and 
BLUP. A description of these techniques with an example was 
given by Schaeffer and Burnside (1974). The analysis using 
model NREL is as followsi 
A model to describe each record can be 
y = + ^2^2 ^  ^ G 
where 
y = vector of observations, 
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13^ = vector of fixed herd-year-season effects, 
@2 = matrix of fixed effects of sex and parity, 
and Z = incidence matrices of zeroes and ones 
for b^, b2 and u, respectively, 
u = random vector combining the sire transmitting 
abilities which are to be predicted, 
e = random vector of residuals. 
The BLUP equations are: 
x;xi x.x, x^z 
X-Xi XjX; x^z 
'
 
I-
I Xiy 
@2 = x^y 
u Z 'y 
2 2 In these equations one assumes R = la^ and G = lo^. 
The herd-year-season equations are absorbed into the rest 
of the equations. The equations after absorption are: 
x^axg x^uz 
^ 2  X'zUy 
Z'UXg Z'UZ + la Z'Uy 
— — 
where 
2 2 
a = estimate of a  / a  
e s 
U = I -
The dependencies among the equations were brokpn dowri Tnv 
imposing, simultaneously, the solution zero for female (sex 
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2), parity 3, and mean. Some value must be assigned 
to a. This is an iterative procedure and a value of a is 
used to start the process. In this study a was initially 
assigned values which give estimates of heritability of 0.08, 
0.045 and 0.045 for calving difficulty, condition and liva-
bility of the calf, respectively. The first value was an 
estimate by Pollak (1975). For livability of the calf, a 
was given an estimate by Bar-Anan et al. (1976). The same 
initial value was repeated for condition of the calf since 
there were no prior estimates in the literature. 
The solutions are given by the equations 
•>s " 
@2 
U 
^11 ^12 
^12 ^22 
X'zUy 
Z'Qy 
where 
^11*^12*^22 ~ elements of the inverse, 
@2 = solution vector for sex,- parity and season, 
u = solution vector for the sire effects. 
To estimate the variance components the following quad­
ratics are computed; 
= y'Qy - ~ uZ'Qy - u'ua 
SSg = u'ua 
The expectations of these sums of squares are: 
E(SS^) = (N - h - p + Tga^lOg + a^(T^ - TgG'Og 
EtSSg) = a2(T^ - Tga)^^ + - 2T^ + Tga^joZ 
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where 
SS^ = error sum of squares, 
SS2 = sire sum of squares, 
N = total number of observations, 
h = number of herd-year-seasons, 
S = number of sires, 
p = rank of the absorbed equations, 
= trace of C-?» which is the sum of the diagonal ele­
ments of ^22* 
T2 = sum of squares of all elements of ^ 22» 
Accounting for Relationships Among the Sires 
The accuracy of prediction of sire's transmitting ability 
can be increased by considering the additive relationships 
among sires. This is reflected in lower prediction error vari­
ances. A simple modification of the preceding method will 
take into account the additive relationships among sires to be 
2 2 
sire equations, add A to the submatrix of coefficients of u 
in the sire equations, where A is the numerator relationship 
matrix. Henderson (1975a) showed how to create the inverse of 
the relationship matrix directly from a list of sires and dams 
of bulls to be evaluated assuming the population in noninbred. 
Henderson (1975a) also showed that under certain assumptions, 
dams may be excluded. He also described the procedures used 
to determine the inverse of the relationship matrix when the 
relationships are restricted to the sires and maternal grand-
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sires of bulls with progeny data. In this study, the latter 
procedure was used. Pedigree of all bulls were traced back to 
identify the bulls, their sires and their maternal grandsires. 
To use this kind of relationship, some conditions are assumed 
to be true: 
1. The population is noninbred, 
2. The only relationships considered are those due to 
sires and maternal grandsires of all bulls, 
3. All dams of progeny tested sons have only one son, 
4. Records of dams are not used. 
While these conditions may not be strictly true, they are good 
approximations of these data. 
In using this relationship matrix to obtain sire's trans­
mitting ability (method REL), the reduced normal equations 
following absorption of herd-year-seasons are: 
where 
Z'QX. 
X^QZ 
Z'QZ + G 11 
^12 
0 
12 
'22 
-
X'Qy 
X. 
"1 
= Z'Qy 
"2 9 
and 
"11 
°l2 
'12 
'22 
= = À"^ Og/Gg 
Ug = subvector of sires with more than one son and 
maternal grandsire with more than one grandson 
which has one progeny record. 
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The appropriate quadratic form for the error sum of squares 
is according to Berger and Freeman (1978) 
y'Qy - ^ 2 ^ 2 - u'Z'Qy - u'G"^u 
and the sire sum of squares are given by 
- 1  ^  
u' G u 
To calculate the inverse relationship matrix the follow­
ing procedure was used; 
1. Sires in the and U2 lists were identified by 1, 
2,...,n. Thepe are l,...,p for the animals in the u^ 
list and p+l,...,n for the animals in the u^ list. 
An unknown sire or maternal grandsire was identified 
by zero. To estimate the genetic value of bulls, as 
a sire of the calf, bulls, sires and maternal grand-
sires with progeny were numbered from 1 to 147 and 
sires with more than one son and maternal grandsires 
with more than one grandson with no progeny were 
numbered from 148 to 184. For livability of the 
calf, the numbers were from 1 to 34, and 35 to 44. 
When sire of the dam was fitted into the model, the 
number of bulls, sires, and maternal grandsires with 
progeny was 35 and the number of sires with more than 
one son and maternal grandsirss with more than one 
grandson with no progeny was 8. 
2. Let b, s and mg denote bull, sire and maternal grand-
sire, respectively. The contribution to specific 
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elements of the inverse relationship matrix that 
should be added are according to Henderson (1975a) 
(a) If sire and maternal grandsire are both known, 
adds 
1/11 to (mg,mg) 
2/11 to (mg,s) and (s,mg) 
-4/11 to (mg,b) and (b,mg) 
4/11 to (s,s) 
-8/11 to (s,b) and (b,s) 
16/11 to (b,b) 
(b) If sire is known and maternal grandsire is un­
known add: 
1/3 to (s,s) 
-2/3 to (s,b) and (b,s) 
4/3 to (b,b) 
(c) If sire is unknown and maternal grandsire known, 
add I 
1/15 to (mg,mg) 
-4/15 to (mg,b) and (b,mg) 
16/15 to (b,b) 
(d) If sire and maternal grandsire are both unknown, 
add I 
1 to (b,b) 
After completing the computation of A every element of 
this matrix is multiplied by the ratio 0^/0^. The resulting 
matrix, G then is added to the already created sire equations. 
The variance of the error of prediction associated with 
the sire's transmitting ability estimates were estimated 
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according to Henderson (1973) for both methods: NREL and KEL, 
This error of prediction is the variance of the predicted 
breeding value about its true value (Henderson, 1973, 1975b). 
Estimation of Heritability 
Since all manipulation of the genotypes in a population 
must be through their corresponding phenotypes, it is useful 
to have a measure of the change in genotype for unit change 
in phenotype. The regression of genotype on phenotype is 
this measure. This regression is 
2 
b _ fÇE _ Cgv(G, Ç + E) _ fo 
" 'G: - 4 - 4 
and is defined by Lush (1945) as "heritability in the broad 
sense»" It is, however, more useful for most purposes to 
calculate the change in the additive fraction of the genotype 
for unit change in phenotype, since the additive effects of 
genes contribute much of the genetic influence on quantita­
tive traits, and are usually the main contributors to 
the response to selection for the trait. In this case the 
regression is 
2 
V, _ ZàE _ Cov(A.A+D+I+E) _ Cçv(A,A) _ là 
' ^ ' 4  ' 4  '  4  ' 4  
This is defined by Lush as "heritability in the narrow sense," 
y 
and is usually given the symbol h~. It is the most important 
single parameter of a population. It is estimated by methods 
41 
that use measures of the resemblance between related animals. 
Falconer (1960) presented methods for estimating heritability. 
Among these, half-sib covariance is commonly used in dairy 
cattle. Without loss of generality, we may consider paternal 
half-sibs whose dams are random members of the population. 
This phenotype of such a half-sib would then be 
Xji = n + s. + 
where (x is the population mean, is the effect of the sire, 
and j is a random, unclassi fiable remainder. 
A second progeny of the same sire would be 
Xi2 = W + S. + e.j 
and the covariance between them is 
CovCX^^yX^g) = Cov(|i+S^+e^jj^) (|a+S^+e^2) 
The traits in this study are related to both the geno­
type of the calf and to the maternal influence of the dam. De­
tailed biometrical derivations of maternal effects are given 
and discussed by Koch (1972) and Willham (1972), The maternal 
influence includes not only the direct influence of the genes 
the mother transmits but also the uterine influence of the dam 
on her calf's birth weight, and the influence of her own 
genotype on the pelvic opening, preparation for calving, etc. 
Consequently, the evaluation of bulls for dystocia condi­
tion and livability can be made either according to the in­
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fluence of the bulls on the calf (traits are evaluated as 
traits of the calf), or according to their influence on the 
dam, through data collected on daughter groups (traits are 
evaluated as traits of the dam). 
The heritability of the different traits as traits of the 
calf was estimated through the sire component of variance 
which provides the best measure of additive genetic variance. 
If epistatic effects are ignored, the sire component estimates 
2 2 1/4 a, , where a. denotes the direct component of additive 
D 
genetic variance. The heritability was then estimated as 
four times the intraclass correlation among paternal half-
sibs or o 
The heritability of the different traits of the dam was 
estimated as four times the correlation between paternal half-
sisters. The sire to be fitted in the model, in this case, 
is the maternal grandsire. The expection of the maternal 
grandsire component if epistatic effects are ignored 
can, according to Koch (1972), be written as* 
A ~ covariance between direct and maternal effect. 
„2 
MG 
where 
D "M 
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The heritability of the traits studied as trait of the 
dam, hf,_, will be biased, as the genetic component also in-
MO 
eludes effects of direct inheritance and the covariance be­
tween direct and maternal effect. Assuming this latter ef­
fect (a. , ) to be zero, the maternal genetic variance can 
be estimated by 
= "(«Mc -
and heritability of genetic maternal effect by 
Transformation of Heritability from Discrete 
to Normal Scale 
The heritability of the binomial traits, condition and 
livability of the calf, estimated as four times the intra-
class correlation between paternal half-sibs, were adjusted 
to a normal scale, according to the procedure by Robertson 
and Lerner (1949). Their development assumes an underlying 
normal distribution of genetic and environmental values with 
a linear relationship between the genetic value on the normal 
scale and the genetic value on the binomial scale. The 
heritability on the normal scale is 
.7 .2 [P(l-P)] 
''n = ;Ï— 
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where 
2 h^ is heritability on the normal scale. 
Z is the height of the ordinate of the normal dis­
tribution of the threshold point which deter­
mines whether the binomial variable is one or 
zero, 
p is the frequency of ones. 
This adjustment was shown by Van Vleck (1972) to yield 
only slightly overestimated heritability, and appears to be 
a reasonable approach when estimating heritability by the 
paternal sib method. 
A method proposed by Vinson et al. (1976) assumes the data 
to have an underlying normal or approximately normal distribu­
tion with the discrete subclasses being linearly adjacent on 
the normal scale. This method was used to estimate the herita­
bility of calvinq difficulty on a normal scale from the estimate 
on a discrete scale^ According to this method; heritability 
for a multinormal trait with t possible classes can be esti­
mated as 
where 
2 h^ is the heritability on the normal scale. 
2 h^ is the heritability on the discrete scale, and 
2 is the estimated variance. 
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Methods of Comparing Solutions 
Several rankings for dystocia, condition and livability 
of the calf were compared. The comparisons were as follows: 
1. Sire of the calf was fitted in the model and the 
estimates obtained ignoring the relationships among 
sires (method NREL) were compared to estimates ob­
tained with inclusion of relationships among bulls, 
sires, and maternal grandsires (method REL), 
2. Sire of the dam was fitted into the model and the 
sires transmitting ability estimates obtained by 
method NREL and REL were compared. 
3. Comparison of estimates of sire-transmitting ability 
as sire of the calf and sire of the dam with simul­
taneous comparison of methods, NliEL and REL. 
4. Comparison of estimates of sire-transmitting ability 
when mated to heifers and cows of parities equal to 
or greater than the second. Here, only the method 
ignoring the relationships among sires was used since 
the number of sires in the analysis was reduced. 
In comparing mixed model solutions in all comparisons 
Spearman's rank correlation was used. This coefficient is 
given by (Snedecor and Cochran, 1967): 
1 - 6Ed.^ 
r . i ^ 
( n-1 ) n ( n+1 ) 
where 
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= difference between ranks of the i^^ sire from two 
methods, 
n = number of sires. 
Another approach used in comparing methods NREL and REL when 
all records were considered was the ratio of prediction error 
variances from both methods. 
For comparison purposes,the rankings from the method with 
the inclusion of relationships among sires were considered 
ideal. The standard error of prediction for each sire was cal­
culated from the diagonals of the inverse of the BLUP coeffi­
cient matrix. This standard error reflects the number of 
progeny of a sire, the number of herd-year-seasons in which a 
bull has progeny, the distribution of progeny over herd-year-
season, and the number of progeny of other sires in the same 
herd-year-season. 
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RESULTS AND DISCUSSION 
Preliminary analyses were used to determine the frequency 
of calving problems in the data. The distribution, in per­
centages, of calving difficulty scores given separately by 
sex-of-calf and parity-of-dam is presented in Table 3, 
Forty percent of males and 29?o of females out of first parity 
dams needed assistance in giving birth. Eighteen percent of 
all cows had difficulty in giving birth. The birth scores 
4 and 5 represent real problems and account for 35 and 26% of 
birth scores by heifer, respectively, for male and female 
calves. Sixteen percent of all cows needed considerable 
force in giving birth. 
The frequencies of calf condition scores are summarized 
in Table 4. Between 89 and 96% of the calves were normal at 
birth, with the highest percentage of normal calves being 
females out of the older cows. Ten percent of the male 
calves and 1% of the female calves out of first parity dams 
were weak at birth; 4 to 5% of both male and female calves 
were reported weak at birth out of the older cows. The inci­
dence of deformed calves varied from 2 to 7 per thousand 
births. Deformity of male calves occurred more frequently 
than of female calves, and the incidence of deformed calves 
increased with age-of-dam. Even though this set of data in­
cludes 13,154 births for which condition of the calf at birth 
was recorded, the actual number of deformed calves was small. 
Table 3. Frequency distribution of calving difficulty scores (percent) 
Score and 
description 
Male calves 
Parity of dam 
> 3 All 
Female calves 
Parity of dam 
> 3 
Both sexes 
and all 
All age-of-dam 
1. No problem 
2. Slight 
problem 
3. Needed 
assistance 
56.0 79.8 82.8 76.1 66.2 87.2 87.9 82.8 
4.4 2.3 2.1 2.6 
4.6 2.6 2.3 2.9 
4.9 1.7 1.6 2.3 
3.2 1.4 1.0 1.6 
79.4 
2.5 
2.3 
4. Considerable 
force 
5. Extreme 
difficulty 
Total 
observations 
4.4 1.1 0.8 1.7 1.9 0.5 0.3 0.7 
30.7 14.2 12.0 16.7 23.8 9.2 9.2 12.5 
1.2 
14.6 
1,437 1,943 3,307 6,687 1,455 1,882 3,139 6,467 13,154 
Table 4. Frequency distribution of calf condition scores (percent) 
Male calves Female calves 
Score and 
description 
Parity of dam Parity of dam 
> 3 All > 3 All 
Both sexes 
and all 
age-of-dam 
1. Normal 
2. Weak at birth 
3. Deformed 
Total 
observations 
89.4 
10.4 
0.2 
94.9 
4.9 
0.2 
94.9 
4.3 
0.8 
93.7 
5.8 
0.5 
1,437 1,943 3,307 5,587 
92.4 95.6 95.8 95.0 94.3 
7.2 4.0 3.7 4,6 5.8 
0.4 0.4 0.5 0.4 0.5 
1,455 1,882 3,130 6,467 13,154 
Table 5 .  Frequency distribution of calf livability scores (percent) 
Male calves Female calves 
Score and 
description 
Parity of dam Parity of dam 
> 3 All > 3 
Both sexes 
and all 
All age-of-dam 
1. Alive at birth 85.2 
2. Dead at birth 11.0 
94.7 95.9 93.3 
9.3 3.0 5.1 
92.9 97.3 96.7 96.0 94.6 
4.9 1.9 1.9 2.5 3.9 
3. Dead within 
48 hr 
Total 
observations 
3.8 
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1.0 1.1 1.6 2 . 2  0.8  1.4 1.5 1.5 
676 1,101 2,256 454 583 1,057 2,100 4,356 
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The causes of these deformities are unknown. It would not be 
correct to assume that the causes are genetic, because many 
nongenetic causes of deformed calves are known. It is evident 
that very few defective calves are born and that the total 
number of such calves is too small to be of economic importance. 
The distribution of calf livability scores presented 
separately by sex-of-calf and parity-of-dam are listed in 
Table 5. Eleven percent of male calves and 5% of female 
calves were dead at birth from first-calf heifers. Losses 
within 48 hours were recorded assuming that few of these 
deaths would be due to post-partum infection or scours. Four 
percent of the males and 2% of the females, out of first 
parity dams died within 48 hours. Therefore, the early death 
loss was 15% in males and 7% in females. 
As was expected, difficult calvings and abnormal and 
dead calves were more common in heifer calvings than in older 
dam classes with consistent differences for both sexes of 
calves. The incidence of dead calves agrees with the results 
reported by European workers. According to Politieck (1965), 
in the European breeds, about 6% of the calves are stillborn. 
He stated also that the percentages of dead calves in heifers 
is 12% and in older cows the percentage decreases to about 3%. 
Information on the frequency of the different traits 
clearly indicates the need to reduce birth difficulty and 
death loss. Progeny test results can be used in different 
ways to reduce dystocia and calf mortality. It is mainly the 
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problems with heifers that need to be emphasized; however, as 
cow calvings are generally more numerous, improvements are 
to a certain extent important in cows also. 
The number of calvings, sires and mean number of off­
spring per sire, when all records were considered, are pre­
sented in Table 6. Each sire progeny group used in the an­
alyses had at least 10 progeny in no less than 10 herd-year-
seasons. Only 1,518 records satisfied the criterion together 
with maternal grandsire identified. 
Table 6. Number of calvings, sires and mean number of progeny 
per sire for sire-of-calf and parity-of-dam 
Constant Estimates for the Fixed Effects 
of Sex and Parity 
analyses^ 
Sire Difficulty Condition Livability 
Sire-of-calf 
Calvings (no.) 
Sires (no.) 
Progeny/sire (ave, no.) 
11,913 
147 
81 
11,913 
147 
81 
3,174 
34 
93 
Sire-of-dam 
Calvings (no.) 
Sires (no.) 
Progeny/sire (ave, no.) 
1,518 
35 
43 
1,518 
35 
43 
1,518 
35 
43 
^All records were considered. 
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Constant estimates for the fixed effects of sex-of-
calf and parity-of-dam, when all records were considered in 
the analysis, are given in Table 7. These constants were 
estimated with the restriction of the solutions set to zero 
for female (sex 2), parity 3, and mean. Although no test of 
significance has been made, it can be observed that sex of the 
calf had considerable effect on the different traits. As 
already pointed out, the incidence of calving difficulty was 
higher for male calves than for female calves. Normal and 
alive calves were more often females than males. Also, first-
calf heifers had more difficulty in giving birth than dams of 
other parity classes. 
Estimation of Variance Components and Heritability 
There are a number of reasons for the estimation of com­
ponents of variance in animal breeding research. Variance 
components measure the relative importance of sources of 
random variation which affect a trait and permit the computa­
tion of heritability and repeatability. In addition, estima­
tion problems involving mixed models require variance of ran­
dom effects or their ratio to obtain best linear unbiased es­
timates of the fixed effects and best linear unbiased predic­
tors of the random effects (Henderson, 1973). 
MINQUE estimates of variance components using all records 
2 2 
along with the ratio of error to sire variance (cJg/cJg) are 
given by sire and by method, i.e., NREL, the relationships among 
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Table 7. Constant estimates for 
parity for sire-of-calf 
the fixed effects 
and sire-of dam^ 
of sex and 
Sire and effect Difficulty Condition Livability 
Sire-of-calf 
Sex - Male 
Female 
0.2321 
0.0 
-0.0137 
0.0 
-0.0264 
0.0 
Parity - 1 
2 
3 
0.7761 
0.0426 
0.0 
-0.0488 
0,0008 
0.0 
-0.0739 
0.0024 
0.0 
Sire-of-dam 
Sex - Male 
Female 
0.1983 
0.0 
-0,0362 
0,0 
-0,0296 
0.0 
Parity - 1 
2 
3 
0.4308 
-0.0274 
0.0 
-0,0230 
0,0167 
0.0 
-0.0564 
0.0139 
0.0 
Solution zero was imposed simultaneously for female 
(sex 2), parity 3 and mean; condition and livability of the 
calf were analyzed as a zero-or-one trait. 
bulls, sires and maternal grandsires of bulls vith progeny 
data were ignored, and REL, the relationships among sires 
were considered, in Table 8. in these analyses, whenever the 
first estimate was not negative, three rounds of iteration 
were used. It seems that the variance components converged 
very quickly because of the close approximation of the start­
ing variance ratio to the final estimate. Prior knowledge of 
estimates of the sire to error variance ratio was available in 
the beginning of the iterations. If no previous knowledge 
Table 8. Estimates of variance components' 
Sire cind 
component 
Dystocia Condition Livabilitv 
NREL REL NREL REL NREL REL 
Sire-of-calf 
Sire 
Error 
Ratio (Og/Og) 
Sire-of-dam 
Sire 
Error 
Ratio (o^/cfg) 
186.37 
16,677.80 
89.43 
80.30 
6,290.48 
78.34 
146.99 
16,749.00 
113.95 
- 2 . 8 2  
6,451.05 
-2,287.61 
2.10 2.01 
516.36 518.71 
245.77 258.06 
-0.18 
412.62 
-2,292.33 
-0.35 
420.56 
-0.0008 
-1.92 0.52 
518.13 578.71 
•269.86 996.96 
1.62 -0.21 
546.74 558.42 
339.47 -0.0004 
^Variance components were multiplied by 10 ; NREL = the relationship among 
sires was not considered, REL - the relationship matrix was included. 
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of this ratio was available, setting the ratio to unity would 
have given the same results. However, more iterations would 
be needed. 
In general, sire variance estimates were very small, 
contributing to the low heritabilities of the traits. Assum­
ing that four times the intraclass correlation is an approxi­
mate estimate of heritability, the estimates were then calcu­
lated separately by sire -of-calf and sire-of-dam. When the 
sires fitted into the model were sires of the calf, one esti­
mates the heritability of the direct effect or heritability as 
a trait of the calf. When sires are sires of the dam, one 
estimates heritability of dam-effect or heritability as a 
trait of the dam. These heritabilities, by method (NREI, and 
REL) are shown in Table 9 for each trait and all parities of 
dams. As a trait of the calf, the heritabilities of dystocia 
were 0.044 and 0.035 for NREL and KEL methods, respectively. 
Taking the average of the methods of analysis (also listed in 
Table 9), the heritabilities as a trait of the calf were 
0.040, 0.015 and -0.006 for calving difficulty, condition and 
livability of the calf; the corresponding heritabilities as a 
trait of the dam were 0.024, -0.002 and 0.005. There seems to 
be a tendency for heritabilities as a trait of the dam of 
calving characters to be smaller than those as a trait of the 
calf. This finding agrees with the results reported by Brinks 
et al. (1973) and Bar-Anan et al. (1976), It has also been 
well-established by several research works that the 
Table 9. Heritability estimates of calving difficulty, condition and livability 
of the calf as trait of the calf, as trait of the dam and heritability of 
maternal effect^ 
Difficulty Condition Livability 
h'* ^ h2 h2 h2 h2 11 n n 
Trait of the calf (h^) 
NREL 0.044±0.011 0„ 096 0.016±0.006 0.066 -0.015±0.012 -0.060 
REL 0.035±0.010 0.015±0.006 - 0.004±0.006 — 
Ave. h^ 0.040 0.015 — -0.006 -
Trait of the dam (h^g) 
NREL 0.051±0.033 0„ 097 -0.002±0.006 -0.010 0.012±0.016 0.046 
REL _ "0.002±0.006 - -0.002±0.006 - •r0.002± 0.006 -
Ave. h 0.024 — -0.002 — 0.005 — 
Maternal effect 
NREL 0.032 — -0.031 — 0.064 — 
REL -0.124 -0.035 -0.010 
^All parities were included; standard error of heritability was estimated by 
732h2/T . 
^'h^ if heritability on discrete scale. 
c 2 h^ is heritability on normal scale calculated according to the following 
formulae: (1) For condition and livability of the calf (Robertson and Lerner, 1949) 
h^ = ; (2) for difficulty (Vinson et al,, 1976) _ _ t-1 _ 
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heritability of calving performance both as a trait of the 
calf and of the dam ranges from about 3 to 15% (Brinks et al., 
1973; Bar-Anan et al., 1976; Pollak, 1975; Philipsson, 1976b). 
However, the results of this study showed that, for liva-
bility of the calf, both heritability as a trait of the calf 
and as a trait of the dam were not different from zero. 
With the assumption that the covariance between direct 
and maternal effect (a, . ) is zero, it was possible to esti-
D*M 
mate the heritable part of the maternal effect also. The 
heritability of maternal effects are given in Table 9. Non­
zero estimates of heritability of this effect were obtained 
only for calving difficulty and livability of the calf, when 
the relationship among sires was ignored. These values were 
0.032 and 0.064 for calving difficulty and livability, 
respectively. 
To determine the difference in heritability between es­
timates in heifers snd older cows (parities > 2) the herita-
bilities for each class were obtained. Error and sire vari­
ances along with estimates of heritability as a trait of the 
calf in heifer and older cows are given in Table 10. For 
calving difficulty, the heritability as a trait of the calf 
was 0.195 in heifers and 0,037 in older cows. For condition 
of the calf, the heritability as a trait of the calf in 
heifers and older cows were both slightly greater than 0.03. 
The heritabilities of livability of the calf were not differ­
ent from zero. With binomially distributed traits such as 
Table lO. Estimates of variance components and heritability as a trait of the 
calf in heifers and older cows® 
Difficulty Condition Livabilitv 
Heifers 
Older 
cows Heifers 
Older 
cows Heifers 
Older 
cows 
Variance component 
Sire 
Error 
b 
1,173.53 
22,880.67 
131.68 
14,267.97 
6.76 
755.98 
4 .01 
430.56 
0.05 
308.31 
-3.34 
367.68 
Heritability 
Discrete 
scale (h^) 
0.195± 
0.055 
0.037± 
0.011 
0.035± 
0.023 
0.037± 
0.011 
O.OOOi 
0.004 
-0.037± 
0.022 
Normal _ 
scale (h^) 
0.263 0.085 0.108 0.170 0.000 -0.193 
No. of records 2,047 9,071 2,047 9,071 560 2,337 
^Transformations of heritability from discrete scale to normal scale were 
according to the formulae» fox condition and livability of the calf (Robertson and 
Lerner, 1949) h^ = h^ ^ ^  ; for calving difficulty (Vinson et al., 1976) 
2 2 2 t-1 S Z 
hn = huoSt.S^Zi) . 
^Variance components were multiplied by 10^. 
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the ones analyzed in this study, the actually observed vari­
ance is correlated with the mean and becomes very small when 
the expected frequency in either class approaches zero. This 
relationship makes the estimates of heritability dependent on 
the frequency of calving scores. If this is the case, the 
heritability estimates might be greater in the analysis where 
only heifer dams were considered with 40% incidence of 
assisted birth as compared to 18% for all ages of dams. In 
fact, heritability estimates for dystocia tended to be higher 
in the calves from heifers than in calves from older ages. 
At later calvings the heritability is usually much lower, 
but it depends to some extent on the general frequency of 
difficulties in the population in question (Bar-Anan 
1972; Lindhe, 1974). Moreover, cows at later calvings could 
be assumed to be selected for the character under study as the 
fertility is lowered and the culling rate is increased after 
f m ^ y i ^ 4» ^ ^ 1 ^ a e» a ^ a 4 ^ \UXi. S, Jk V • A. A W<w M «— v*. 
the calf in heifers of about 0.20 for dystocia is much greater 
than those reported by Smidt and Cloppenburg (1967) and Bar-
Anan et al. (1976) who reported estimates of about 0.04, 
Pollak (1975), using the same iteration procedure used in the 
present study, also found a lower heritability than that of 
the current study (0.20). However, the same author reported 
heritabilities in the range of 0.17 for 0.20 using another 
analysis procedure. 
Two common causes of negative estimates of components of 
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variance» (1) the true values are near zero or small and 
sampling variance is large yielding negative estimates or 
(2) the model is not appropriate for the data. A close 
examination of the variance component estimates of this study 
indicates that sampling variances are of some consequence 
for the smaller data sets. Since by definition variances 
cannot be negative, the sizable negative estimate would sug­
gest a sizable sampling variance. The analysis of calving 
difficulty and condition as a trait of the calf, which used 
the most records, produced no negative variance component esti­
mates. Precise estimates of variance components require a large 
set, preferably with a high proportion of filled subclasses. 
Comparing the results of heritability estimates for 
calving difficulty with the values for condition and liva-
bility of the calf, the latter estimates are generally 
smaller. This may be a result of various circumstances as 
the statistical model usêd explained iêâS of the variance in 
livability and condition than in calving difficulty, although 
the measurement of livability and condition may be considered 
as more accurate than that of calving difficulty. However, 
it is well-known that traits concerning fertility and viabili­
ty in most species are more dependent on the nonadditive 
genetic effect than on most other traits. Several authors 
have shown that calving performance is dependent to a large 
extent on factors such as size of the calf and pelvis of the 
dam. As characters concerning body measurements or weight 
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usually have a genetic background with moderate to high 
heritability it may be plausible to suggest that calving 
ease and condition of the calf are to a greater degree addi-
tively inherited than is livability of the calf. 
Adjusted estimates of heritability according to methods 
by Robertson and Lerner (1949), for condition and livability 
of the calf, and according to Vinson et al. (1976), for 
calving difficulty, are presented in Tables 9 and 10. Ad­
justment caused an increase of the absolute values of heri­
tability, i.e., positive heritability estimates tended to 
higher values, negative estimates tended to be even more 
negative. In general, the estimates of heritability on a 
normal scale were double or triple the estimates on a dis­
crete scale. Although estimates obtained from the discrete 
scale are of the most practical value, adjustment to a normal 
scale could be used instead of the more elaborate methods of 
Mixed Model Solution to Sire Evaluation 
The problem of evaluating sires in artificial insemina­
tion is essentially one of statistical estimation within a 
framework of assumptions based on genetic theory. Statistical 
estimators are often considered "best" if they produce minimum 
variance unbiased estimates. In comparing alternative sire 
evaluation methods,the criteria used for comparison are 
usually unbiasedness and prediction error variance. A 
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fundamental problem is that the sires' true genetic values 
are unknown. Therefore, predictions or estimates by alterna­
tive methods cannot be compared with these true values to see 
which method is most accurate. According to Henderson 
( 1915b), applying different methods to the same set of data 
has limited value except to conclude that methods differ 
much or little when applied to that particular data. 
The inclusion of relationships compared to ignoring relation-
SlliES among gifSS 
All parities were used in this analysis. Sire estimated 
breeding values for the three traits, calving difficulty, 
condition and livability of the calf, were obtained using the 
two methods, REL which included the relationships among 
bulls evaluated, their sires, and their maternal grandsires, 
and NREL which ignores the relationships among sires. These 
estimates are listed in Tables 11 and 12 for sire-of-calf 
and sire-of-dam^ respectively= The actual ranks of the sires 
are given in Tables 13 and 14. Error variances of prediction 
of the estimates of sire's merit by both methods NREL and REL 
when sire of the calf was fitted into the model are presented 
in Table 15. The ability of the different methods to reduce 
prediction error was measured as the ratio of NREL to REL 
error variances of prediction. For calving difficulty, the 
mean ratio was 1.42. That is, on the average, error variance 
of prediction of estimates of sire's merit was 42% greater 
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Table 11. Comparison of estimates of sire-of-calf breeding 
values for calving difficulty, condition and liva­
bility of the calf as evaluated by considering the 
relationship (REL) and not considering the rela­
tionship among sires (NREL)^ 
Bull 
NAAB 
code 
Difficulty 
NREL REL 
Condition 
NREL REL 
Livability 
NREL REL 
No. of 
progeny 
DC^ L^ 
71058 0.212 0.201 1 -6 -37 -6 957 269 
71063 0.055 0.051 140 139 -97 14 355 56 
71091 -0.012 -0.093 29 -72 - - 117 -
71096 -0.013 -0.032 12 -22 - - 26 -
71107 0.069 0.077 6 -22 59 15 491 44 
71124 -0.015 -0.069 15 -49 - - 26 -
71127 0.041 -0.002 -72 — 89 10 8 318 170 
71129 0.044 0.002 -10 -26 - - 65 -
71131 -0.010 0.032 25 31 61 13 35 33 
71136 -0.158 -0.121 73 63 - - 153 -
71145 0.035 -0.005 -32 -41 4 1 54 53 
71146 0.083 0.020 -94 -55 -160 -32 27 27 
71156 -0.059 -0.024 -70 -9 - - 23 -
71161 0.277 0.175 -33 -41 - - 184 -
71162 0.001 0.002 -34 -12 - - 22 -
71168 0,007 0.007 — 34 0 - - 20 -
71190 -0.173 -0.121 46 51 - - 66 -
71194 0.045 0.020 50 38 - - 63 -
71200 0.028 -0.007 -45 — 48 - - 13 -
71203 0.028 0.010 -35 -37 - - 16 -
71205 -0.057 -0.039 22 -11 - - 15 -
71210 -0.038 -0.020 -l8 -14 - - 15 -
71211 0.080 0.036 18 -1 - - 28 -
71213 -0.033 -0.031 21 18 - - 15 -
71215 -0.026 0.009 -14 12 - - 19 -
71216 -0,049 -0.022 41 33 - - 23 -
71220 0.009 -0.019 -3 -27 - - 47 -
71221 -0.027 0.027 30 32 - - 27 -
71222 0.030 0.035 -43 —9 - - 13 -
71223 -0.057 -0.026 19 10 - - 24 -
71225 0.021 0.031 -9 16 — — 10 — 
^Sire estimates for condition and livability of the calf 
were multiplied by 10^. 
DC = number of progeny for analyses of calving diffi­
culty and condition of the calf. 
^L = number of progeny for analyses of calf livability. 
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Table 11. (Continued) 
Rii 11 
Difficulty Condition Livabilitv prooenv 
code NREL REL NREL REL NREL REL DC L 
71226 0.059 0.033 17 29 - - 23 -
71227 0.027 0.033 43 51 - - 30 -
71228 -0.055 -0.027 -41 -30 - - 29 -
71229 0.023 0.064 -2 -3 - - 14 -
71231 0.089 0.038 -5 -17 - - 18 -
71232 -0.103 -0.054 -85 -58 - - 30 -
71233 -0.005 -0.001 -177 -121 - - 39 -
71234 0.008 0.006 50 44 — - 23 -
71236 -0.052 -0.029 37 29 - - 36 -
71237 -0.054 -0.027 21 16 - - 12 -
71238 -0.006 -0.005 41 14 - - 19 -
71239 0.029 0.021 -37 17 - - 21 -
71240 0.026 -0.009 31 26 - - 16 -
71241 -0.014 -0.035 51 35 - - 13 -
71242 -0.088 -0.095 -2 -38 56 13 371 113 
71244 -0.075 -0.027 47 46 - - 21 -
71245 0.048 -0.041 68 1 - - 26 -
71246 0.056 0.030 37 17 - - 28 -
71247 -0.046 -0.021 -1 -19 - - 20 -
71248 -0,018 -0,018 -13 —6 - - 21 -
71249 0.057 0.010 -45 -38 - - 22 -
71251 0.110 0.056 -18 -4 - - 21 -
71242 -0.009 -O.OOl 45 36 - - 24 -
71254 -O.OlO -0.003 27 26 19 8 472 134 
71255 —0.066 -0.030 -22 -9 - - 18 -
71256 -0.036 -0.064 -5 9 - - 18 -
71257 0.098 0.039 44 19 - - 19 -
71258 0.007 -0.016 45 39 - - 22 -
71259 -0.047 -0.102 -8 -38 - - 16 -
71260 0.006 0.003 52 40 - - 22 -
71261 -0.031 -0.017 23 18 - - 18 -
71262 -0.007 -0.018 13 19 - - 21 -
71263 0.008 0.009 -13 -12 - - 13 -
71265 -0.020 -0.012 22 1 - - 17 — 
71266 0.078 0.044 -39 0 - - 21 -
71269 0,032 0,032 75 58 - - 22 -
71271 0.000 0.000 36 5 - - 12 -
71272 -0.046 -0.010 17 30 - - 25 -
71274 0.005 0.053 -175 -107 - - 24 -
71275 0:124 0 = 021 —46 -12 - - 29 — 
71276 0,135 0,049 -63 -60 - - 21 
71277 -0.008 0.033 -8 32 - — 24 — 
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Table 11. (Continued) 
NAAB^ Difficulty Condition Livability progeny 
code NREL REL NREL REL NREL REL DC L 
71279 -0.077 -0.041 36 20 - - 20 -
71280 -0.012 0.021 9 30 - - 18 -
71281 -0.054 -0.009 -143 -95 - - 22 -
71282 -0.063 -0.032 15 -3 - - 26 -
71283 -0.040 -0.082 -11 —68 - - 15 -
71284 0.058 0.031 -23 -7 - - 18 -
71285 0.060 0.052 -62 -58 -41 -13 915 303 
71286 -0.015 0.011 -4 19 - - 23 -
71287 0.053 0.015 19 1 - - 18 -
71288 0.037 0.031 —68 -31 - - 32 -
71289 0.128 0.096 51 31 - - 16 -
71290 -0.092 -0.013 69 66 - - 30 -
71291 0.014 0.028 -127 -113 - - 27 -
71292 0.015 -0.052 -11 -44 - - 14 -
71293 -0.035 -0.049 8 26 - - 19 -
71296 -0.083 -0.039 19 12 - - 22 -
71298 -0.066 -0.050 33 31 - - 20 -
71305 0.033 0.012 -92 -66 - - 29 -
71306 -0.016 -0.020 8 33 - - 92 -
71311 -0.156 -0.128 -29 -26 -11 2 545 178 
71314 -0.002 -0.001 -82 66 -87 -21 212 54 
71320 -0.213 -0.152 12 8 26 6 173 64 
71321 -0,041 -0.024 -27 -21 -26 8 42 -
71327 -0.076 -0.063 48 41 - - 406 173 
71331 -0.001 -0.003 36 26 - - 67 -
71334 -0.031 -0.020 107 84 76 17 130 106 
71341 0.099 0.095 31 47 18 -1 205 32 
71343 -0.067 -0.036 32 24 - - 32 -
71344 0.072 0.035 30 6 -52 -9 160 50 
71400 -0.024 -0.004 -17 -2 - - 15 -
71401 -0.081 0.023 33 38 - - 14 -
71403 0.282 0.157 -159 -107 -202 -46 132 60 
71407 -0.061 -0.033 -9 -7 - - 20 -
71405 0.046 0.020 4 -8 - - 19 -
71410 0.040 0.031 29 57 - - 25 -
71411 -0.090 0.028 -20 -3 - - 15 -
71413 0.071 0.045 37 36 - - 26 -
71414 -0.004 o.oia 7 27 - - 21 -
71415 -0.122 -0.083 104 56 63 12 66 40 
71417 0,040 0,023 14 25 -40 -8 24 — 
71418 0.094 0.026 -75 -74 - - 17 -
71419 -0.006 -0.069 31 -13 - - 13 — 
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Table 11. (Continued) 
_ -. No. of 
Difficulty Condition Livabilitv progeny 
code NREL REL NREL REL NREL REL DC L 
71421 0.015 -0.044 -40 -42 - - 27 -
71422 -0.009 -0.006 2 7 - - 14 -
71423 0.008 0.004 15 5 - - 17 -
71424 0.047 0.023 -11 -6 - - 28 -
71427 0.117 0.067 -91 -72 - - 15 -
71428 0.062 0.028 45 25 - - 22 -
71429 0.015 0.008 -71 -50 - - 18 -
71430 0.040 0.032 -83 -53 - - 39 -
71432 0.129 0.087 -46 -39 16 5 177 66 
71435 0.012 -0.028 -4 -10 - - 15 -
71437 -0.136 -0.110 36 6 - - 19 -
71440 -0.015 -0.022 23 -4 - - 25 -
71441 -0.028 0.008 22 16 41 6 27 26 
71448 -0.015 -0.015 -10 -15 12 2 21 20 
71450 0.042 0.023 -51 -28 -53 -1 21 21 
71451 -0.015 -0.058 -2 -19 - - 15 -
71452 -0.041 -0.035 31 33 -4 -2 20 19 
71453 0.011 -0.036 -36 -74 - - 19 -
71454 -0.010 -0.005 26 20 - - 19 -
71460 0.018 0.045 18 20 75 7 26 19 
71473 0.016 -0.006 45 43 72 12 21 21 
71476 0.002 -0.009 20 6 - - 18 -
71477 -0.004 -0.039 -73 -75 -49 -15 250 225 
71488 -0.036 -0.021 0 4 -59 -11 20 17 
71504 0.042 0.022 0 0 0 0 45 40 
71645 -0.062 -0.039 132 105 199 38 73 17 
71665 0.029 0.004 -10 7 - - 20 -
71669 -0.026 -0.021 81 66 - - 87 -
71676 -0.213 -0.187 142 118 74 32 881 363 
71914 -0,045 -0.027 29 33 - - 12 -
71919 -0.100 -0.083 81 59 7 - 576 158 
71924 0.018 0.015 -127 -99 30 11 546 188 
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Table 12. Comparison of estimates of sire-of-dam breeding 
values for the different traits as evaluated by 
considering the relationship (REL) and not con­
sidering the relationship (NREL) among sires^ 
Bull 
NAAB 
code 
Difficulty 
NREL REL 
Condition 
NREL REL 
Livability 
NREL REL 
No. of 
progeny 
DC^ L^ 
41257 0.006 0.002 -8 0 18 5 24 19 
41290 0.000 0.001 33 8 39 5 38 28 
41317 0.001 -0.005 48 25 32 13 11 11 
41322 -0.009 -0.005 25 0 -17 12 43 33 
41328 0.012 -0.000 -53 0 -123 -6 15 11 
71058 0.078 0.053 -22 -5 -31 -12 107 64 
71063 -0.057 -0.023 153 59 133 28 191 90 
71083 0.006 0.013 19 0 -27 -13 19 16 
71091 -0.096 -0.066 62 22 -24 -11 164 77 
71105 0.026 0.007 -51 0 -45 3 13 10 
71106 -0.049 -0.027 — 48 1 -33 4 14 12 
71107 0.013 0.017 27 -2 14 -11 93 55 
71136 -0,027 -0.016 43 14 64 13 12 10 
71161 -0.081 -0.065 32 -6 -47 -11 22 17 
71233 0,060 0.033 -29 -10 -33 -6 14 10 
71242 0.009 0.006 8 1 20 21 20 15 
71285 0.004 0,012 117 29 55 75 13 11 
71311 -0.030 -0.018 117 43 259 58 86 44 
71314 -0.049 -0.027 34 9 36 4 36 30 
71327 0.060 0.030 — 186 -51 -195 -21 12 11 
71341 -0.005 0.004 54 22 80 6 14 11 
71343 -0.024 -0.012 -26 -8 -31 -5 14 10 
71344 -0.022 -0.037 -114 -44 -2 -6 11 10 
71645 0.055 0.034 -200 -74 -87 -18 49 34 
71676 -0.012 -O.OlO -5 -1 144 29 19 19 
71919 0.072 0.048 142 65 152 32 134 80 
71924 -0.006 0.012 53 14 -156 -17 15 10 
71092 -0,060 -0.022 87 21 60 9 130 72 
^Sire estimates for condition and livability of the calf 
were multiplied by 10^. 
^DC - number of progeny for analyses of calving diffi­
culty and condition of the calf. 
^L = number of progeny for analyses of calf livability. 
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Table 12. (Continued) 
Rnll No. of 
Difficulty Condition Livabilitv proaenv 
code NREL REL NREL REL NREL REL DC L 
151103 0.041 0.034 -108 -37 -193 -23 12 10 
191097 0.002 -0.004 -9 10 -105 -6 33 24 
191052 0.083 0.031 -60 -1 52 15 14 11 
191055 -0.031 -0.019 -25 7 -53 2 13 12 
191058 0.040 -0.007 26 16 -63 10 15 10 
191059 -0.010 -0.009 — 88 -12 -71 -2 31 22 
201233 0.000 0.001 -54 -28 179 41 67 38 
for method NREL than for method REL. Error variances of 
method REL were less than those of method NREL for every sire. 
With some exceptions, sires with large ratios had few 
daughters represented. This was evidenced by a correlation 
of -0.68 between ratio of prediction error and number of 
progeny. Superiority of method REL was much less for condi­
tion of the calf: Mean ratio of prediction error of 1.18 
indicated an 18% overall advantage of method REL over NREL. 
Here, the correlation between ratio of prediction error and 
number of progeny was -0.59, again demonstrating that method 
REL tended to reduce prediction error more for sires with few 
progeny. For livability of the calf, method REL was even 
more efficient to reduce prediction error. Mean ratio of pre­
diction error of 1,97 indicated a 97% overall advantage of 
method REL over NKEL» The correlation between ratio of 
prediction error and number of progeny was -0.42. 
Table 
Bull 
NAAB 
Code 
71058 
71063 
71091 
71096 
71107 
71124 
71127 
71129 
71131 
71136 
71145 
71146 
71156 
71162 
71168 
71190 
71194 
71200 
71203 
71205 
71210 
71211 
71213 
71315 
71316 
71220 
71221 
71222 
71223 
71225 
71226 
71227 
71228 
71229 
71231 
71232 
71233 
71234 
71236 
71237 
71238 
71239 
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Ranks of sire-of-calf estimates as evaluted by 
considering the relationships (REL) and not con­
sidering the relationships among sires (NREL) 
Difficulty Condition Livability 
NREL REL NREL REL NREL REL 
145 147 63 61 11 11 
128 134 146 147 3 5 
62 9 102 12 - -
60 35 78 40 - -
129 140 72 41 27 30 
57 13 81 22 - -
113 76 15 7 18 25 
116 81 53 39 - -
65 120 99 117 28 29 
4 4 139 141 - -
108 70 36 27 16 17 
134 99 7 19 2 2 
24 45 17 57 - -
78 82 34 50 - -
83 87 33 72 - -
3 5 129 135 - -
117 111 132 127 - -
102 67 25 23 - -
121 92 32 32 - -
25 28 95 53 - -
40 54 43 48 - -
133 127 86 70 - -
43 36 93 96 - -
47 90 45 89 - -
31 48 121 122 - -
87 55 62 97 - -
49 109 106 118 - — 
105 126 26 55 - — 
26 44 90 87 - — 
97 115 54 93 - -
126 123 84 111 - — 
100 124 123 136 - -
27 42 27 35 - — 
98 138 63 68 - — 
135 128 59 45 - — 
8 18 10 17 - -
72 77 1 1 » -
86 86 133 132 - -
30 38 119 112 - — 
28 43 92 92 - -
71 72 122 90 -
104 102 30 46 - — 
Table 
Bull 
NAAB 
code 
71240 
71241 
71242 
71244 
71245 
71246 
71247 
71248 
71249 
71251 
71252 
71254 
71255 
71256 
71257 
71258 
71259 
71260 
71261 
71262 
71263 
71265 
71266 
71269 
71271 
?! 27'' 
71274 
71275 
71276 
71277 
71279 
71280 
71281 
71282 
71283 
71284 
71285 
71286 
71287 
71288 
71289 
71290 
71291 
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(Continued) 
Difficulty Condition Livabilitv 
NREL REL NREL REL NREL REL 
99 66 107 107 - -
59 32 135 123 - -
12 8 64 30 26 31 
17 40 130 133 - -
120 24 137 76 - -
123 114 117 94 - -
33 51 66 43 - -
53 56 46 62 - -
124 93 24 31 - -
139 137 42 64 - -
67 79 125 124 - -
64 75 101 108.5 22 24 
20 37 40 56 - -
39 15 58 86 - * 
137 129 124 98 - -
82 59 127 128 - -
32 7 57 29 - -
81 83 136 129 - -
45 58 98 95 - -
69 57 79 97 - -
85 91 47 52 - -
51 62 94 75 - -
132 130 29 71 - — 
106 121 140 139 - -
77 80 120 79 - -
34 63 85 113 — — 
80 136 2 3 - -
141 141 22 51 - -
144 133 19 16 - -
68 122 56 119 - -
15 23 116 101 - -
61 101 76 114 - -
29 65 4 6 - -
21 34 82 66 - -
38 12 49 13 - — 
125 116 39 60 - -
127 135 20 18 9 6 
52 94 61 99 — -
121 97 88 74 - — 
109 118 18 34 - -
143 144 134 115 - -
10 61 138 142 — — 
90 110 6 2 - — 
Table 
Bull 
NAAB 
code 
71292 
71293 
71296 
71298 
71305 
71306 
71311 
71314 
71320 
71321 
71327 
71331 
71334 
71341 
71343 
71344 
71400 
71401 
71403 
71407 
71409 
71410 
71411 
71413 
71414 
71415 
71417 
71418 
71419 
71421 
71422 
71423 
71424 
71427 
71428 
71429 
71430 
71432 
71435 
71437 
71440 
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(Continued) 
Difficulty Condition Livabilitv 
NREL REL NREL REL NREL REL 
92 19 50 24 
42 21 75 108.5 - -
13 27 89 88 - -
19 20 112 116 - -
107 95 8 15 - -
54 53 74 33 - -
5 3 37 38 13 19 
75 78 12 14 4 3 
2 2 77 85 23 22 
36 46 38 42 - -
16 16 131 130 12 9 
76 74 114 106 - -
44 52 144 144 33 33 
138 143 108 134 21 13 
18 29 111 103 - -
131 125 105 82 7 8 
50 73 44 69 - -
14 107 113 126 - -
146 145 3 4 1 1 
23 33 55 59 - -
118 100 71 58 - -
111 117 103 138 - -
11 112 41 67 - -
130 131 118 125 - -
74 38 73 110 - -
7 11 143 137 29 28 
110 106 80 105 10 10 
136 108 13 10 - -
70 14 109 49 - -
91 22 28 25 - — 
66 69 70 83 - — 
84 84 83 78 - — 
119 105 48 63 - — 
140 139 9 11 — — 
128 113 128 104 - — 
93 89 16 21 - — 
112 119 11 20 - — 
142 142 23 28 20 20 
89 39 60 54 - — 
6 6 115 81 — — 
56 47 97 65 — _ 
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Table 13. (Continued) 
Difficulty Condition Livabilitv 
code NREL REL NREL REL NREL REL 
71441 46 88 86 91 25 21 
71448 55 60 52 47 19 18 
71450 114 104 21 36 6 14 
71451 58 17 63 44 - -
71452 37 31 110 121 14 12 
71453 88 30 31 9 - -
71454 63 71 100 100 - -
71460 96 132 87 102 32 23 
71473 94 68 126 131 30 27 
71476 79 64 91 80 - -
71477 73 25 14 8 8 4 
71488 41 50 67 77 5 7 
71504 115 103 68 73 15 15 
71645 22 26 145 145 34 34 
71665 103 85 51 84 - -
71669 48 49 142 143 - -
71676 1 1 147 146 31 33 
71914 35 41 104 120 - -
71919 9 10 141 140 17 16 
71924 95 96 5 5 24 26 
Rank and product manient correlation between methods (NREL 
and REL) for the three traits, calving difficulty, condition 
and livability of the calf, are listed in Tables 16 and 17. 
In general, sire-of-calf estimates were similar for both 
methods as evidenced by rank correlations (Table 16) of 
0.792, 0.861 and 0.935, respectively, for calving difficulty, 
condition and livability of the calf. Similarly, sire-of-
dam estimates (Table 17) did not differ much with method as 
evidenced by rank correlations of 0.910, 0.871 and 0,808, 
Table 
Bull 
NAAB 
code 
41257 
41290 
41317 
41322 
41328 
71058 
71063 
71083 
71091 
71105 
71106 
71107 
71136 
71161 
71233 
71242 
71285 
71311 
71314 
71327 
71341 
71343 
71344 
V1643 
71676 
71919 
71924 
91092 
15110 
19104 
19105 
19105 
19105 
19105 
20123 
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Ranks of sire-of-dam estimates as evaluated by 
considering the relationships (REL) and not con 
sidering the relationships among sires (NHEL) 
Difficulty 
NREL REL 
23 21 
17 19 
19 15 
14 16 
25 18 
34 35 
4 6 
22 27 
1 1 
27 24 
6 5 
26 28 
9 10 
2 2 
32 31 
24 23 
21 25 
8 9 
5 4 
31 29 
16 22 
10 11 
11 3 
30 92 
12 12 
33 34 
15 26 
3 7 
29 33 
20 17 
35 30 
7 8 
28 14 
13 13 
l8 20 
Condition 
NREL REL 
16 15 
24 22 
26 31 
20 14 
8 16 
14 10 
35 34 
19 18 
30 30 
9 17 
10 20 
22 11 
27 25 
23 9 
11 7 
18 19 
32 32 
33 33 
25 23 
2 2 
29 29 
12 8 
3 3 
1 1 
7 13 
34 35 
28 26 
31 28 
4 4 
15 24 
6 12 
13 21 
21 27 
5 6 
7 5 
Livabilitv 
NREL REL 
21 21 
25 22 
23 28 
18 27 
4 12 
14 6 
31 31 
16 5 
17 9 
11 18 
12 19 
20 8 
29 29 
10 7 
13 13 
22 16 
27 24 
35 35 
24 20 
1 2 
30 23 
15 14 
19 11 
U 3 
32 32 
33 33 
3 4 
28 25 
2 1 
5 10 
26 30 
9 17 
8 26 
7 15 
34 34 
Table 15. Comparison of error variances of prediction of sire-of-calf estimates 
for the different traits as evaluated by considering the relationship 
(REL) and not considering the relationship among sires (NREL)® 
Bull 
NAAB 
code 
Difficulty Condition Livabilitv 
Prediction error ^ ^tio Prediction error Prediction error 
NREL REL NREL/REL NREL REL NREL/REL NREL REL NREL/REL 
71058 0.049 0.043 1.14 0.758 0.747 1.01 1 .343 0 .603 2.23 
71063 0,069 0.062 1.11 1.002 0.966 1.04 1 .802 0 .750 2.40 
71091 0.096 0.059 1.63 1.231 1.019 1.21 — — — 
71096 0.124 0.084 1.48 1.383 1.149 1.20 — — — 
71107 0.063 0.056 1.12 0.930 0.890 1.04 1 .862 1 .333 1.40 
71124 0.123 0.081 1.52 1.379 1.131 1.22 - — — 
71127 0 . 071 0.060 1.18 1.019 0.925 1.10 1 .497 0 .904 1.65 
71129 0.109 0.081 1.34 1.311 1.127 1.16 - — — 
71131 0.119 0.084 1.42 1.363 1.151 1.18 1 .900 0 .970 1.96 
71136 0.091 0.073 1.25 1.192 1.044 1.14 — — — 
71145 0.114 0.083 1.37 1.336 1.141 1.17 1 .830 0 .852 2.15 
71146 0.125 0.085 1.47 1.386 1.153 1.20 1 .940 0 .864 2.24 
71156 0.128 0.078 1.64 1.400 1.077 1.30 — — _ 
71161 0.084 0.066 1.27 1.136 0.980 1.16 — — _ 
71162 0.126 0.090 1.40 1.394 1.202 1.16 — — — 
71168 0.126 0.087 1.45 1.393 1.171 1.19 — — _ 
71190 0.108 0.081 1.33 1.303 1.121 1.16 — — _ 
71194 0.111 0.080 1.39 1.318 1.104 1.19 — — — 
71200 0.130 0.087 1.49 1.411 1.162 1.21 — — _ 
71203 0.130 0.085 1.53 1.407 1.139 1.23 — _ 
71205 0.130 0.087 1.49 1.410 1.165 1.21 — — 
71210 0.130 0.094 1.38 1.409 1.244 1.13 — — — 
71211 0.122 0.083 1.47 1.375 1.122 1.22 
^Prediction error for condition and livability of the calf was multiplied 
by 102. 
Bull 
NAAB 
code 
71213 
71215 
71216 
71220 
71222 
71223 
71225 
71226 
71227 
71228 
71229 
71231 
71232 
71233 
71234 
71236 
71237 
71238 
71239 
71240 
71241 
71242 
71244 
71245 
71246 
71247 
71248 
71249 
15. (Continued) 
Difficulty Condition Livabilitv 
Prediction error j^^tio Prediction error Ratio Prediction error j^g^io 
NREL REL NREL/REL NREL REL NREL/REL NREL REL NREL/REL 
1.130 0.088 1.48 1.408 1.167 1.21 - - — 
0.126 0.080 1.57 1.393 1.093 1.27 - - -
0.124 0.088 1.41 1.385 1.182 1.17 - - -
0.115 0.078 1.47 0.340 1.078 1.24 - - -
0.130 0.085 1.53 1.409 1.138 1.24 - - -
0.125 0.085 1.47 1.387 1.155 1.20 - - -
0.132 0.081 1.63 1.416 1.103 1.28 - - -
0.124 0.089 1.39 1.384 1.205 1.15 - - -
0.121 0.079 1.53 1.370 1.082 1.27 - - -
0.122 0.036 1.42 1.375 1.154 1.19 - - -
0.130 0.088 1.46 1.407 1.173 1.20 - - -
0.127 0.084 1.51 1.396 1.133 1.23 - - -
0.121 0.086 1.41 1.370 l.o54 1.19 - - -
0.117 0.087 1.34 1.352 1.184 1.14 - - -
0.124 0.089 1.39 1.385 1.197 1.16 - - -
0.119 0.089 1.34 1.358 1.208 1.12 - - -
0.131 0.091 1.44 1.413 1.203 1.17 - - -
0.127 0.084 1.51 1.396 1.133 1.23 - - — 
0.126 0.083 1.52: 1.390 1.121 1.24 - — -
0 .129 0.085 1.52 1.404 1.129 1.24 - — -
0.131 0.086 1.52 1.413 1 .o67 1.21 — — -
0.067 0.055 1.22: 0.975 0.865 1.13 1.625 0. 889 1.83 
0.125 0.088 1.42 1.388 1.173 1.18 — - -
0.123 0.086 1.43 1.379 1.177 1.17 — — -
0.122 0.078 1.56 1.375 1.064 1.29 - - -
0.127 0.083 1.53 1.395 1.123 1.24 — — — 
0.125 0.090 1.39 1.389 1.213 1.14 - - -
0.125 0.080 1.56 1.389 1.090 1.27 - — -
Table 15. (Continued) 
Difficulty Condition Livability 
PTedletton errQF fff^diction grror Prediction error g^^io 
code NEîEL REL NREL/HEL NREL REL NREL/REL NREL REL NREL/kEL 
71251 0.126 0.084 1.50 1.393 1.123 1.24 - - -
71252 0.124 0.088 1.41 1.384 1.193 1.16 - - -
71254 0,062 0.055 1.13 0.917 0.851 1.08 1.582 0.803 1.97 
71255 0.128 0.086 1.49 1.399 1.150 1.22 - - -
71256 0„127 0.087 1.46 1.396 1.176 1.19 - — -
71257 0..127 0.087 1.43 1.397 1.201 1.16 — — -
71258 0.126 0.085 1.48 1.392 1.156 1.20 - - -
71259 0.130 0.070 1.86 1.406 1.033 1.36 - - -
71260 0.125 0.089 1.40 1.338 1.189 1.17 — — — 
71261 0..128 0.090 1.42 1.401 1.195 1.17 - - — 
71262 0..126 0.091 1.38 1.392 1.219 1.14 - - -
71263 0.131 0.089 1.47 1.413 1.199 1.18 - — — 
71265 0.128 0.084 1.52 1.400 1.135 1.23 - — — 
71266 0.125 0.086 1.45 1.391 1.150 1.21 - - -
71269 0.125 0.092 1.36 1.388 1.231 1.12 - - — 
71271 0.131 0.085 1.54 1.412 1.132 1.25 — — -
71272 0.124 0.086 1.44 1.382 1.170 1.18 - — — 
71274 0.124 0.082 1.51 1.384 1.127 1.23 — — — 
71275 0.121 0.079 1.53 1.371 1.093 1.25 - — -
71276 0.121 0.085 1.42 1.392 1.147 1.21 - — -
71277 0.124 0.085 1.46 1.382 1.165 1.19 — — — 
71279 0.126 0.088 1.43 1.393 1.167 1.19 — — — 
71280 0.128 0.087 1.47 1.399 1.171 1.19 — — — 
71281 0.125 0.086 1.45 1.389 1.149 1.21 — — — 
71282 0.123 0.083 1.48 1.380 1.124 1.23 - — — 
71283 0.129 0.083 1.55 1.405 1.146 1.23 - - -
71284 0.127 0.091 1.39 1.396 1.221 1.14 — — — 
71285 0.049 0.045 1.09 0.760 0.726 1.05 1.300 0.753 1.73 
71286 0.126 0.080 1.57 1.391 1.092 1.27 — — — 
Table :L5. (Continued) 
Difficulty Condition Livabilitv 
N^B prediction errpr Prediction grrpr prediction error 
code NREL KEL NREL/.REL NREL REL NREL/REL NREL REL NREL/REL 
71287 0.127 0.084 1.51 1.398 1.124 1.24 - - -
71288 0.120 0.085 1.41 1.365 1.154 1.18 - - -
71289 0.129 0.085 1.51 1.403 1.138 1.23 - - -
71290 0.122 0.082 1.49 1.373 1.119 1.23 - - -
71291 0.123 0.081 1.52 1.379 1.097 1.26 - - -
71292 0.130 0.078 1.60 1.409 1.094 1.29 - - -
71293 0.127 0.088 1.44 1.334 1.178 1.18 - - -
71296 0.126 0.088 1.43 1.393 1.168 1.15 - - -
71298 0.126 0.085 1.48 1.392 1.156 1.20 - - -
71305 0.122 0.091 1.34 1.373 1.228 1.12 - - -
71306 0.101 0.079 1.28 1.261 1.123 1.12 - - -
71311 0.058 0.051 1.14 0.876 0.793 1.10 1.455 1 .293 1 .12 
71314 0.083 0.070 1.19 1.133 1.017 1.11 1.836 0 .962 1 .91 
71320 0,085 0.072 1.19 1.148 1.053 1.09 1.761 0 .845 2 .08 
71321 0.118 0.089 1.33 1.355 1.207 1.12 - — — 
71327 0.066 0.068 1.13 0.963 0.900 1.07 1.467 0 .833 1 .76 
71331 0.107 0.084 1.28 1.299 1.166 1.11 - — — 
71334 0.097 0.078 1.25 1.235 1.112 1.11 1.685 0 .857 1 .97 
71341 0.082 0.068 1.21 1.122 1.004 1.12 1.916 0 .945 2 .03 
71343 0.121 0.090 1.34 1.368 1.216 1.12 — — — 
71344 0.087 0.068 1.28 1.163 0.998 1.16 1.832 1 .004 1 .82 
71400 0.129 0.088 1.47 1.407 1.178 1.19 - — — 
71401 0.130 0.085 1.52 1.407 1.148 1.22 - — — 
71403 0.093 0.074 1.25 1.203 1.056 1.14 1.788 0 .848 2 .11 
71407 0.128 0.093 1.37 1.399 1.237 1.13 - — — 
71409 0.128 0.085 1.50 1.397 1.144 1.22 - - -
71410 0.124 0.087 1.42 1.383 1.170 1.18 - — — 
71411 0.,129 0.085 1.52 1.405 1.144 1.23 — — 
71413 0.125 0.087 1.44 1.3 89 1.176 1.18 — — _ 
Bull 
NAAB 
code 
71414 
71415 
71417 
71418 
71419 
71421 
71422 
71423 
71424 
71427 
71428 
71429 
71430 
71432 
71435 
71437 
71440 
71441 
71448 
71450 
71451 
71452 
71453 
71454 
71460 
71473 
21476 
15. (Continued) 
Difficulty 
Prediction error 
NREL REL 
Ratio 
NREL/REL 
Condition 
Prediction error 
NREL REL 
Ratio 
NREI/REL 
Livability 
Prediction error 
NREL REL 
Ratio 
NREL/REL 
0.127 0.080 1.59 1.397 1.095 1.27 — - — 
0103 0,075 1.37 1.269 1.066 1.19 1.885 1.012 1 
ou 
0.128 0.091 1.40 1.398 1.190 1.17 - - -
0.128 0.089 1.44 1.402 1.185 1.18 - - -
0.131 0.074 1.77 1.411 1.058 1.33 - — — 
0.125 0.081 1.54 1.387 1.111 1.25 — - — 
0.130 0.088 1.4& 1.409 1,180 1.19 — - -
0.112 0.090 1.42 1.406 1.202 1.17 — - -
0.124 0.090 1.37 1.381 1.207 1.14 — - -
0.116 0.088 1.31 1.343 1.198 1.12 1.998 0.868 2 .30 
0.125 0.089 1.41 1.389 1.188 1.17 - - — 
0.127 0.089 1.43 1.398 1.193 1.17 - - -
0.121 0.088 1.37 1.368 1.185 1.15 — - -
0.089 0.074 1.20 1.176 1.075 1.09 1.780 0.847 2 H
 
O
 
0.129 0.088 1.45 1.405 1.173 1.20 - — -
0.128 0.081 1.58 1.399 1.116 1.25 — — — 
0.125 0.083 1.50 1.386 1.136 1.22 - - -
0.124 0.090 1.38 1.385 1.212 1.14 1.970 0.865 2 .28 
0.126 0.085 1.48 1.392 1.147 1.21 1.969 1.025 1 .92 
0,127 0.086 1.47 1.395 1.149 1.21 1.977 1.015 1 .95 
0.131 0.082 1.59 1.411 1.123 1.26 — - — 
0.126 0.091 1.38 1.392 1.219 1.14 1.968 0.872 2 .86 
0.128 0.080 1.60 1.400 1.097 1.28 — — — 
0.128 0.093 1.38 1.401 1.239 1.13 — — — 
0.124 0.085 1.46 1.385 1.141 1.21 1.975 1.060 1 .86 
0.129 0.092 1.40 1.403 1.227 1.14 2.005 0.876 2 .29 
0.128 0.092 1.39 1.399 1.224 1.14 - — — 
œ 
Table 
Bull 
NAAB 
code 
71477 
71488 
71504 
71645 
71665 
71669 
71676 
71914 
71919 
71924 
Mean 
ratio 
:L5. (Continued) 
Difficulty Condition Livabilitv 
Prediction error „ , . Prediction error „ . . Prediction error _ . . Ratio Ratio Ratio 
NREL REL NREL/lREL NREL REL NREL/REL NREL REL NREL/REL 
0.080 0.059 1.35 1.101 0.901 1.22 1.408 0.810 1.74 
0.126 0.091 1.39 1.392 1.221 1.14 1.982 0.867 2.29 
0.118 0.089 1.32 1.354 1.206 1.12 1.892 0.859 2.20 
0,107 0.084 1.27 1.299 1.167 1.11 2.001 0.868 2.30 
0.128 0.091 1.41 1.401 0.222 1.15 - - — 
0.105 0.082 1.28 1.286 1.147 1.12 — — — 
0.049 0.043 1.14 0.761 0.707 1.08 1.231 0.751 1.64 
0.131 0.092 1.42 1.412 1.229 1.15 - - -
0.058 0.051 1.14 0.874 0.811 1.08 1.516 0.819 1.85 
0 . 059 0.052 1.13 0.883 0.810 1.09 1.450 0.763 1.90 
1.42 1.18 1.97 
Table 16. Rank and product moraent correlations between sire-of-calf estimates for 
the different traits as evaluated by considering the relationships (REL) 
and not considering the relationships among sires (NREL)® 
Difficulty conaition Livabilitv 
NREL REL NREL REL NREL REL 
Difficulty NREL 
REL 0.792 
0.867 -0.317 
-0.303 
-0.305 
-0.139* 
-0.486 
-0.372** 
-0.542 
-0.451 
Condition NREL 
REL 
-0.286 
•0.273 
•0.247 
•0.069 0.861 
0.896 0.574 
0.466 
0.591 
0.482 
Livability NREL -0.434 -0.289* 0.494 0.454 
REL -0.457 -0.345** 0.406** 0.355** 0.935 
0.956 
''upper half contains product moment correlations, lower half contains rank 
correlations; the analysis on calving difficulty and condition of the calf was based 
on 147 sires; 34 sires were available for analysis of livability; all correlations 
are significant between the 1% and 10% levels; correlations without asterisks are 
significant at P < O.Ol. 
< 0.10, 
*^*P < 0.05. 
Table 17. Rank and product moment correlations between sire-of-dam estimates for 
the different traits as evaluated by considering the relationships 
(HEL) and not considering the relationships among sires (NREL)^ 
Difficulty Condition Livabilitv 
NREL REL NREL REL NREL REL 
Difficulty NREL 
REL 0.910 
0.925 -0.397** 
-0.265* 
-0.291* 
-0.201* 
-0.209* 
-0.160* 
—0.134* 
-0.137* 
Condition NREL -0.413 -0.268* 
REL -0.323** -0.271* 0.871 
0.934 0.598 
0.540 
0.517 
0.551 
Livability NREL -0.247* -0.178* 0.572 
REL -0.206* -0.263* 0.445 
0.457 
0.512 0 .808  
0.853 
'^Upper half contains product moment correlations, lower half contains rank 
correlations; the analysis of all traits was based on 35 sires; all correlations 
are significant between the 1% and 10% levels, correlations without asterisks are 
significant at P < 0.01. 
< 0.10. 
^^*F < 0.05. 
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respectively, for difficulty, condition and livability of the 
calf. Negative correlations between rankings of the bull's 
estimates for calving difficulty and both the rankings of 
estimates for condition and livability of the calf can be seen 
in Tables 16, 17 and 18. These negative correlations were ex­
pected, since the greater the score for difficulty (the more 
difficult the calvings), the lower the scores for condition 
(abnormal calvings) and the lower the scores for livability 
(dead calves). On the other hand, positive relationships 
between the rankings for condition and livability, as was ex­
pected, imply that abnormal calves (condition score, zero) 
tended to die more frequently. 
The ranking of bulls as sire-of-calf was compared with 
their ranking as sire-of-dam. Rank correlations for this 
analysis are listed in Table 18. There were 19 sires that 
appeared as sires and maternal grandsires with 10 or more 
records for calving difficulty and condition of the calf = 
Fourteen sires were used in the analysis for livability of 
the calf. When the relationships among sires were ignored, the 
rank correlation between sire breeding values estimates for 
calving difficulty, condition and livability of the calf, as 
traits of the calf and of the dam, were -0.012, -0.056 and 
-0.108, respectively. The corresponding estimates, when the 
relationships among sires was considered, were 0.091, -0.007 
and -0.125. None of these correlations were significantly 
different from zero. These correlations seem to suggest that 
Table 18. Rank correlations between sire estimates as a sire-of-calf and sire-
of-dam as evaluated by considering the relationships (REL) and not 
considering the relationships among sires (NkEL)^ 
Sire-of-calf 
Difficulty Condition Livabilitv 
Sire-of-dam NREL REL NREL REL NREL REL 
Difficulty NREL 
REL 
Condition NREL 
REL 
Livability NREL 
REL 
-0.012 
-0.070 
-0.016 
-0.139 
•0.335 
•0.431* 
0.124 
0.091 
-0.005 
-0.123 
-0.305 
-0.388* 
0.016 
0.040 
-0.056 
-0.005 
0.298 
0.219 
0.086 
0.116 
-0.047 
-0.007 
0.368 
0.288 
0.393 
0.424 
-0.332 
•0.301 
•0.108 
•0.187 
0.341 
0.380 
-0.319 
-0.279 
-0.059 
-0.125 
^Based on 19 sires for analysis of difficulty and condition of the calf, 14 
sires for analysis of livability, 
*P < 0.10; other correlations are not significant at 10% probability level. 
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quite differing characteristics of the calf and the dam cause 
problems of parturition. When one also considers that positive 
genetic relationships usually exist between dam and calf size, 
the low or even negative relationships between corresponding 
calf and dam characteristics seem plausible. The antagonistic 
negative relationship between the genotype of the calf and the 
genetic maternal influence indicates that selection for these 
characters will not be as effective in the long run as the 
heritability alone may suggest. Selection based on the direct 
characters could be accompanied by a negative response on the 
maternal effects. Bar-Anan et al. (1976) also concluded that 
the correlations between the results of the same bulls as sires 
and maternal grandsires of the calves are weak. Progeny test­
ing will therefore be necessary for both the calf and dam 
effects if improvements are desired in both these characters. 
In addition to estimates of sire breeding values obtained 
by best linear unbiased prediction techniques (5LUF), as cal­
culated by considering the relationships (REL) and ignoring the 
relationships among sires (NREL), percentages of difficult 
births (scores 4 and 5), average percentage of normal calves 
and average percentage of alive calves were obtained. Aver­
ages were calculated for each sire-of-calf as a percentage of 
each trait among the total number of calvings. 
To estimate sire breeding values, the basic model 
considers the number of calves per sire, sire-of-calf. 
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parity-of-dam, herd-year-season and random sire usage. 
Therefore, it could be assumed that mixed model estimates 
yield a more accurate ranking of sires than simple averages. 
The adequacy of evaluating sires by simple percentages can 
then be judged by comparison to the BLUP estimates. Rank 
and product moment correlations for each trait were computed 
between percentages and mixed model estimates of sire-of-
calf by the two methods (NREL and REL). These correlations 
are listed in Table 19, Rank correlations when the rela­
tionship among sires was ignored were 0.623, 0.801 and 0,601, 
respectively, for percentage of difficult births (scores 4 
and 5), percentage of normal calves and percentage of alive 
calves. The corresponding rank correlations, when the rela­
tionship among sires was considered, were respectively 0.584, 
0.681 and 0,421, Among these six rank correlations five of 
them were less than 0,80. Therefore, some inadequacies in 
the simple average approach to ranking sires exist. 
Regressions of sire-of-calf estimated breeding values 
for the different traits on simple averages, and the percent­
age of variation explained by each regression equation are 
listed in Table 20. The amount of variation explained by 
any of the regressions for calving difficulty was not high 
enough to warrant their use as a prediction equation. 
Considerable variation was explained by the regressions for 
percentage of normal calves and percentage of alive calves 
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Table 19. Rank and product moment correlations between sire-
of-calf estimates and percentages^ 
Difficulty Condition Livability 
% 4 and 5 % normal % alive 
BLUP-NREL 0.623 (0.569) 0.801 (0.783) 0.601 (0.751) 
BLUP-REL 0.584 (0.494) 0.681 (0.655) 0.521 (0.665) 
^Correlations are significant at P<0.001; product moment 
correlations are in parentheses. 
Table 20, Regressions of mixed model sire-of-calf estimates 
on percentages^ 
Intercept b^ (BV) b^ (BV)^ R^ 
Ave. % scores 0.163 
4 and 5 0.160 
Ave. % normal 0.939 
calves 0,946 
Ave. % alive 0.942 
calves 0.945 
0.750 0.3241 
0.735 0.653 0.3294 
7.901 0.6125 
7.115 -233.43 0.6611 
3.598 0.5340 
3.565 -50.60 0.5845 
^ normal calves = % scores 1 for condition of calf ; 
% alive = % score 1 for livability. 
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(R^ > 50%), In general, there was little effect on the model 
of including a quadratic term in the regression model, 
even though the coefficients were large. 
It is desirable to predict the incidence of difficult 
births in heifers for each sire. A better method of predic­
tion might be found; however, until better methodology is 
available, the regression prediction can have some value. 
Comparison of sire-of-calf's transmitting ability when mated 
to heifers and older cows 
Even though the only difference in heritability esti­
mates, in the present study, has been for difficulty between 
heifers and older cows (Table 10), estimates of heritability 
commonly indicate a slight genetic variation in calving per­
formance and stillbirth rate at later parities as compared 
to heifers. Some authors suggest that the involvement of 
inheritance in the various factors that affect calving per­
formance and stillbirth rate may vary greatly among dam age 
classes (Philipsson et al., 1978; Bar-Anan et al., 1976). 
This implies that calving performance and stillbirth rate as 
characteristics seen from a genetic or physiological point 
of view may not be considered as identical characters in 
heifers and Older cows. This may be an important reason for 
the low genetic variation observed in calving difficulty 
when measured in cows, although condition and livability of 
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the calf showed the same heritabilities in both heifers 
and cows. 
To obtain some idea of the relationships between the 
ranking of the sire-of-calf when mated to heifers and the 
rankings when mated to older cows, rank and product moment 
correlations between these rankings were correlated. These 
correlations are given in Table 21. Rank correlations among 
calving difficulty, condition and livability of the calf in 
the same class of calvings were low to negative. The highest 
of such correlations (0.527) was found between livability and 
condition of the calf for older cow calvings. Correlations 
among the different traits in different classes of calvings 
were also low to negative. The highest of such correlations 
(0.526) was found between calving difficulty in older cow 
calvings and in heifer calvings. Except for calving diffi­
culty, these low correlations, therefore, may suggest that 
when evaluating 5ire=of=calf in hsifsr ir.atings, little can be 
gained by considering data in older cow calvings. In general, 
it is mainly the problems with heifers that need improvement ; 
however, as cow calvings are generally more numerous, im­
provements are to a certain extent important in cows also. 
Table 21. Rank and product moment correlations between sire-of-calf estimates when 
mated to heifers and to older cows® 
Heifers Older cows 
Difficulty Condition Livability Difficulty Condition Livability 
Heifers 
Difficulty 
Condition 
Lifability 
Older cows 
Difficulty 
Condition 
Livability 
-0.141 
(30) 
-0.489 
(14) 
0.554** 
(30) 
-0.541** 
(30) 
-0.132 
(21) 
0.157 
(30) 
0. 372 
(14) 
-0.320 
(30) 
0.117 
(30) 
0.055 
( 21) 
-0.433 
(14) 
0.200 
(14) 
•0.481* 
(14) 
0.447 
(14) 
0.370 
(14) 
0.562** 
(30) 
•0.199 
(30) 
•0.327 
(14) 
-0.460** 
-0.348 
(21) 
-0.415** 
(30) 
-0.028 
(30) 
0.222 
(14) 
-0.423* 
(30) 
0.498* 
(21) 
-0.139 
(21) 
0.152 
(21) 
0.174 
(14) 
-0.413 
(21) 
0.527* 
(21) 
^Upper half contains rank correlations, lower half contains product moment 
correlations; the number of sires in each analysis is given in parentheses. 
*P<0.05. 
••**p<o.oa. 
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Probability Statements About Sire's 
Estimated Breeding Values 
Small sire variances and large error to sire variance 
ratios for calving difficulty, condition and livability of 
the calf suggest that increasing the numbers of records for 
sires is perhaps the only effective way of increasing the 
precision of discriminating among sire's transmitting ability. 
For instance, an empirical maximum likelihood estimate of 
calving-problem frequency for a sire could be the ratio of the 
number of records with problems to the total number of records 
for sires. The variance of this estimate is an inverse func­
tion of the total number of records, i.e., the more records 
the smaller the variance. 
Another approach could be used to show the importance 
of the number of progenies in evaluating sires for calving 
traits. Provided that epistatic effects are negligible, a 
sire's breeding value is equal to twice his effect on his 
progeny, since their dams are assumed to be random repre­
sentatives of the population. The breeding value or genotypic 
merit of a sire can be expressed as 
Tj = 2 li 
An estimate of the progeny mean phenotype can be expressed as 
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where is the discrepancy between the estimated and true 
values of A bivariate normal distribution of phenotypic 
measures (I^) and breeding values (T^) is summed, in which the 
regression coefficient of T on is the heritability of the 
phenotypic measure. The sire's expected breeding value is 
given by 
Ti = b^ 
The regression coefficient is 
CovCT^.l^) 2al 
Under the assumption that the progenies are noninbred half-
2 
sibs, and that epistatic effects may be neglected, Oj = 
2 2 1/4 0^, where is the additive genetic variance. 
Assuming also that the sires being evaluated are a random 
sample from a population with known variance in breeding value, 
the estimate, T,. is the mean of the conditional distribution 
± • 
of breeding values given the particular observed. If the 
average value of n individual progeny records is used as the 
phenotypic measure, the regression coefficient becomes 
b = ; n -
4 + (n-l)h^ 
and the sampling variance of the sire's expected breeding value 
can be estimated as 
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= (1 - r^j)cj^ 
where, r^j is the accuracy of predicting the genetic value of 
one animal from records of n paternal half-sibs, or 
^Tl = : ^la = 1/2 
with these relationships in mind some probability state­
ments about breeding values showing the importance of the num­
ber of progeny can be established. Some statements about 
breeding values can be seen in Tables 22 and 23, The assump­
tion in these tables is that each progeny has one record each. 
The figures are computed from areas under a normal curve. 
Consider, for instance, that each bull has 20 progenies 
with one record on calving difficulty and the average score 
is 1.5. Also, that the heritability is 0.044, and the addi­
tive genetic variance is 0.074548, which were values estimated 
in the present study. A question of interest is, what is the 
probability that his "true" breeding value is greater than 
the average, zero? From Table 22, the probability of the true 
breeding value for the bull exceeding zero is about .99. 
Correspondingly, there is a probability of 0.01 that his true 
value is less than zero. From Table 23, the 95% confidence 
limits on the true value for this bull would be from 0.05 to 
1.04. It might also be noted that for the same phenotypic 
average, the more progenies per sire, the higher the probabili­
ty of the true breeding value being above average. 
Table 22. Probability of breeding value of a bull for calving difficulty be 
greater than the average* 
Plrienotvpic average of progeny^ Progeny 
number 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
1 0.50 0.52 0.53 0.55 0.56 0.58 0.59 0.61 0.62 0.64 0.65 
3 0.50 0.55 0.59 0.65 0.68 0.72 0.76 0.80 0.83 0.86 0.88 
10 0.50 0.65 0.78 0.88 0.94 0.97 0.99 1.00 
20 0.50 0.77 0.93 0.,99 1.00 
50 0.50 0. 84 0.98 1. 00 
100 0.50 0.99 1.00 
1000 0.50 1.00 
CO 0.50 
^Figures are computed from areas under a normal curve; h^ = 0,044; additive 
genetic variance = 0.074548. 
^'Assume progeny with one record each. 
Table 23. The 95% confidence limits on the true value for a bull for calving 
difficulty® 
Progeny Phenotvoic average of progeny 
number^ 1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  
1  - 0 . 5 2 - 0 . 5 7  - 0 . 5 1 - 0 . 5 8  - 0 . 5 0 - 0 . 5 9  —  0 . 4 9 —  0 . 6 0  - 0 . 4 8 - 0 . 6 1  - 0 . 4 7 - 0 . 6 2  
3  - 0 . 4 7 - 0 . 6 0  - 0 . 4 0 - 0 . 6 3  - 0 . 4 1 - 0 . 6 7  - 0 . 3 7 - 0 . 7 0  1 0
 
U)
 1 o
 
w
 
- 0 . 3 1 - 0 . 7 6  
1 0  - 0 . 3 2 - 0 . 7 2  - 0 . 2 2 - 0 . 8 2  - 0 . 1 2 - 0 . 9 2  - 0 . 0 2 - 1 . 0 2  - 0 . 0 8 - 1 . 1 2  0 . 1 8 - 1 . 2 2  
2 0  - 0 . 1 3 - 0 . 8 6  0 . 0 5 - 1 . 0 4  0 . 2 3 - 1 . 2 2  0 . 4 2 - 1 . 4 0  0 . 6 0 - 1 . 5 9  0 . 7 8 - 1 . 7 7  
5 0  0 . 2 6 - 1 . 1 5  0 . 6 3 - 1 . 5 1  0 . 9 9 - 1 . 8 7  1 . 3 5 - 2 . 2 2  1 . 7 0 - 2 . 5 8  2 . 0 6 - 2 . 9 4  
100 0 . 6 8 - 1 . 4 3  1 . 2 0 - 1 . 9 5  1 . 7 2 - 2 . 4 8  2 . 2 5 - 3 . 0 0  2 . 7 8 - 3 . 5 3  3 . 3 1 - 4 . 0 6  
1000 1 . 6 8 - 1 . 9 9  2 . 5 9 - 2 . 9 1  3 . 5 1 - 2 . 8 3  4 . 4 3 - 4 . 7 4  5 . 3 5 - 5 . 6 6  6 . 2 6 - 6 . 5 8  
^Figures were computed from areas under a normal curve; = 0,044, additive 
genetic variance = 0.074548. 
^Assume progeny with one record each. 
95 
SUMMARY AND CONCLUSIONS 
Records on approximately 13,000 births during the period 
1972-1976, from Select Sires, Inc., were used in the present 
study. Beginning in 1974, 1518 records for which both sire 
and maternal grandsire could be identified were available. 
The main objective was to obtain sire estimates for 
calving difficulty of their daughters and for condition and 
livability of the calf at birth using variations of mixed 
model techniques. Variations in model definitions were in the 
use of relationships among sires and in the sire fitted in 
the model. 
The calving reports by herdsmen contained identification 
of the herd, breeding and calving dates, age and size-of-dam, 
sex and size-of-calf, sire, and codes for calving difficulty, 
condition and livability of the calf. Calving difficulty was 
coded as: 1 - no problem, 2 - slight problem, 3 - needed 
assistance, 4 - considerable force needed, and 5 - extreme 
difficulty. Codes for condition and livability of the calf 
ranged from 1 to 3. Age-of-dam was recorded by parities. 
A preliminary analysis provided some information on the 
frequency of calving problems in the data. Eighteen percent 
of all cows had some degree of difficulty in giving birth, 
16% being cases where considerable force was needed. The 
incidence of deformed calves varied from 2 to 7 per thousand 
births. Approximately 5% of the calves were dead. 
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Condition and li.vability of the calf were analyzed as 
all-or-none traits. Weak and deformed calves were given a 
score of zero and the normal a score of one. Also, dead 
calves were considered as zero and alive calves as one. 
Parity-of-dams was restricted to three classes: 1 - first 
parity, 2 - second parity, and 3 - third and later parities. 
The incidence of calving difficulty was higher for male 
calves than for female calves. Normal and alive calves were 
more often female than males. In addition, first-parity cows 
(heifers) had more difficulty in giving birth than older cows. 
Mixed linear model procedures were used with the minimum 
norm quadratic unbiased estimation (NINUUE) method to estimate 
sire and error variances and to predict simultaneously genetic 
values of sires. The model also included the fixed effects 
of herd-year-seasons, sex-of-calf, and parity-of-dam. 
The relationships among bulls, their sires, and their 
grandsires were criteria in defining two methods of analysis a 
as: REL - the relationships were considered, and NREL - the 
relationships were ignored. The method REL was considered 
the best for purposes of comparisons. Accounting for such 
relationships theoretically would increase the accuracy of 
evaluation. These two methods were compared in estimating 
sire-of-calf or sire-of-dam breeding values, and in comparing 
estimates of a bull in both roles. Using only method NREL, 
sire-of-calf estimates were compared when mated to heifers 
and older cows. 
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Error variance of prediction of sire-of-calf estimates 
for methods NREL and REL were compared. These errors were, 
on the average, 42%, 18% and 97% greater for method NkEL 
than for method REL for calving difficulty, condition and 
livability of the calf, respectively. 
Rank of sire estimates by the different model definitions 
were compared by rank and product moment correlations. Sire-
of-calf estimates were similar for both methods as shown by 
rank correlations of 0.792, 0.861, and 0.935, for calving 
difficulty, condition and livability of the calf, respectively. 
Similarly, sire-of-dam estimates did not differ much with 
method; the corresponding rank correlations being 0.910, 0.871, 
and 0.808. 
Rank correlations of bulls in both roles, i.e., as a 
sire of the calf and a sire of the dam, were also calculated. 
The two methods (NREL and REL) were also compared. The 
hypothesis tested was that calves frc.T. sires vhcss offspring 
are born easily would experience more calving problems as 
dams. None of the correlations calculated were significantly 
different from zero. This suggests that quite differing char­
acteristics of the calf and of the dam cause problems at 
parturition. 
Simple sire averages for the three traits were compared 
with mixed model sire transmitting ability estimates. The 
three sire averages were* percentage difficult births (scores 
4 and 5), percentage of normal calves, and percentage of alive 
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calves. Rank and product moment correlations were computed 
among these simple averages and mixed model estimates for 
each sire. The methods (NREL and REL) were also compared. 
Among the six correlations calculated, five of them were less 
than 0.80 showing some inadequacies in the simple percentage 
approach to ranking sires. The amount of variation explained 
by regressions of sire-of-calf estimates on percentages of 
difficult births was not high enough to be satisfying as a 
prediction technique. It is desirable to predict the incidence 
of difficult births in heifers for each sire; however, until 
better methodology is available the regression prediction can 
have some value. 
Rank and product moment correlations between the rankings 
of the sire-of-calf when mated to heifers and to older cows 
(parities > 2) were low to negative ignoring the relation­
ships among sires. The highest of such correlations (0.562) 
was found between calving difficulty in heifer calvings and 
in older cow calvings. Thus, except for this trait, these 
low correlations may suggest that when evaluating sires for 
calf effects in heifer matings, different methodology is 
needed before much can be gained by considering data in older 
cow matings. In general, the problems that need improvement 
are mainly in heifers; however, as cow calvings are generally 
more numerous, improvements are somewhat important in cows 
also. 
Heritability estimates for the different traits were 
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obtained from different analyses. Taking the average esti­
mates of the methods (REL and NREL), the heritabilities as a 
trait of the calf were 0.040, 0.015 and -0.006 for calving 
difficulty, condition and livability of the calf, respec­
tively. The corresponding heritabilities as a trait of the 
dam were 0.024, -0.002 and 0.005. There seemed to be a ten­
dency for heritability as a trait of the dam to be smaller 
than as a trait of the calf. Nonzero estimates of herita­
bility of maternal effect were obtained only for calving 
difficulty and livability of the calf when the relationships 
among sires were ignored. These values were respectively 
0.032 and 0.064. 
The heritability of calving difficulty as a trait of the 
calf was 0.195 in heifers and 0.037 in older cows. For both 
heifers and older cows, the heritabilities for condition of 
the calf were slightly greater than 0.03. The heritabilities 
ol liVâîjxlity or tîiê côlf WcLc not diffsrGnt from zsro# 
Many negative estimates of sire variances were found in 
this study indicating that sampling variances are of some 
consequence for the smaller data sets, particularly when 
data were restricted to where the sire and maternal grandsire 
were known. 
100 
LITERATURE CITED 
Anderson, D. C., and R. A. Bellows. 1967, Some causes of 
neonatal and postnatal calf losses. J. Anim, Sci. 26i 
941. (Abstr.) 
Auran, T. 1972. Factors affecting the frequency of still­
births in Norwegian cattle. Acta Agric. Scand. 22» 
178-182. 
Bar-Anan, R. 1972. Heritabilitâ'tsschatzungen einiger 
Abkalbemerkmale. Zuchtungskunde 44: 360-367. 
Bar-Anan, R., M. Soller, and J. C. Bowman. 1976. Genetic and 
environmental factors affecting the incidence of diffi­
cult calvings and perinatal calf mortality in Israeli-
Friesian dairy herds. Anim. Proc. 22» 299-310. 
Bellows, R. A., K. E. Short, D. C. Anderson, B. W. Knapp, and 
0. F. Pahnish. 1971. Cause and effect relationships 
associated with calving difficulty and birth right. J. 
Anim. Sci. 33» 407-415. 
Bereskin, B., and A, E. Freeman. 1965. Genetic and environ­
mental factors in dairy sire evaluation. I. Effects of 
herds, months and year-seasons on variance among lacta­
tion records; repeatability and heritability, J. Dairy 
Sci. 48» 347-351. 
Berger, P. J., and A. E, Freeman. 1978. Prediction of sire 
merit for calving difficulty. J. Dairy Sci. 61» 1146-
1150. 
Bredahl, R. A. 1970. Beef-dairy crossbreeding» A study of 
birth trait. Unpublished Ph.D. dissertation. Library, 
Iowa State University, Ames, Iowa. 
Brinks, J, S., J. E. Olson, and E. J. Carrol. 1973, Calving 
difficulty and its association with subsequent productivi­
ty in Herefords. J. Anim. Sci. 36» 11-17. 
Dreyer, D., and C. Leipnitz. 1971. Calf losses and diffi­
cult calvings, TierzSchter. 23s 397-400. 
Dreyer, D., and D. Smidt. 1966, What importance no difficult 
births and calf losses have for the breeding evluation 
of A1 bulls? Tierzuchter. 18: 528. 
Falconer, D. G. 1960. Introduction to quantitative genetics. 
The Ronald Press Co., New York. 
101 
Grizzle, J. E., C. F. Starmer, and G. G. Koch. 1969. Analy­
sis of categorical data by linear models. Biometrics 
25: 489-504. 
Henderson, C. R. 1963. Selection index and expected genetic 
advance. Statistical genetics and plant breeding. 
National Academy of Sciences - National Research Council 
982: 141-169. 
Henderson, C. K. 1973. Sire evaluation and genetic trends. 
Proc. of the Animal Breeding and Genetics Symp. in honor of 
Dr. Jay L. Lush. Amer. Soc. Anim. Sci., Amer. Dairy 
Sci. Assoc. and Poul. Sci. Assoc., Blacksburg, Virginia. 
Henderson, C. R. 1974. General flexibility of linear model 
techniques for sire evaluation. J. Dairy Sci. 57: 
966-972. 
Henderson, C. R. 1975a, Inverse of a matrix of relationships 
due to sires and maternal grandsires. J. Dairy Sci. 58: 
1917-1921. 
Henderson, C. R. 1975b. Comparison of alternative sire 
evaluation methods. J. Anim. Sci, 41: 760-770. 
Jensen, P., J. Philipsson, J. Evert, and J. Wiggen. 1969. 
Effect of incidence level of the variate on the analysis 
of all-or-none traits. Grovp report. Internordic 
lieonciate course in Quantitative Genetics, NLH. Lands-
bruks-bokhondelin, Vollebekk. 1969: 119-125. 
Kelleher, D.J.L. 1964. The importance of bull x herd-year-
season interaction in milk production. Unpublished 
Ph.D. dissertation. Library, Iowa State University, 
Ames, Iowa. 
Koch, R, M. 1972. The role of maternal effects in animal 
breeding: VI. Maternal effects in beef cattle. J. Anim. 
Sci. 35: 1316-1323. 
Laster, D, B, 1974, Factors affecting pelvic size and dys­
tocia in beef cattle, J. Anim. Sci. 38: 496-503. 
Laster, D. B., H. A. Glimp, L. V. Cundiff, and K. E. Gregory, 
1973. Factors affecting dystocia and the effects of dys­
tocia on subsequent reproduction in beef cattle. J. 
Anim. Sci, 36: 695-705. 
102 
Lentz, W. E., P. D. Miller, and C. R. Henderson. 1969. 
Evaluating dairy sires by direct comparison. Paper 
presented at the American Society of Animal Science 
meeting, Purdue University, Lafayette, Indiana. 
Lindhe, B, 1974. Improvement in beef-breeding by selection. 
1st World Congress on Genetics Applied to Livestock 
Production, Madrid, 1» 655-669. 
Lindstrom, U. B., and V. Vilva. 1977. Frequency of still­
born calves and its association with production traits in 
Finnish cattle breeds. Zeitschrift fQr TierzUchung und 
Zuchtungsbiologie 94: 27-43. 
Lush, J. L. 1945. Animal breeding plans. 3rd ed. The 
Iowa State University Press, Ames, Iowa. 
Miller, P. D. (ça. 1973). An analysis of calving difficulty. 
American Breeders Service, Inc., DeForest, Wisconsin, 
Monteiro, L. S. 1969. The relative size of calf and dam and 
the frequency of calving difficulties. Anim. Prod. 11: 
293-306. 
Philipsson, J. 1976a. Studies on calving difficulty, still­
birth and associated factors in Swedish cattle breeds. 
I. General introduction and breed averages. Acta Agric. 
Scand. 26: 151-164. 
Philipsson, J. 1976b. Studies on calving difficulty, still­
birth and associated factors in Swedish cattle breeds. 
II. Effects of non-genetic factors. Acta Agric. Scand. 
26* 165-174. 
Philipsson, J. 1976c. Studies on calving difficulty, still­
birth and associated factors in Swedish cattle breeds. 
III. Genetic parameters. Acta Agric. Scand. 26» 211-
220.  
Philipsson, J,, J. L. Foulley, J. Ledires, T. Liborivssen, 
and A. Osinga. 1978. Sire evaluation standards and 
breeding strategies for limiting dystocia and stillbirth. 
29th Ann. Meeting, European Association for Animal 
Production, Stockholm, June 5-7, 7 pp. 
Politiek, R. D., Jr. 1965, Reproduction in Dutch cattle 
breeds with special reference to stillbirth. Fifth 
Annual Symposium on Fertility of Cattle, Texas, Septeïïi= 
ber, 1965. 
103 
Pollak, E. J. 1975. Dystocia in Holsteins. Unpublished 
Ph.D. dissertation. Library, Iowa State University, 
Ames, Iowa. 
Pollak, E. J., and A. E. Freeman. 1976. Parameter estimation 
and sire evaluation for dystocia and calf size in Hol­
steins. J. Dairy Sci. 59: 1817-1824. 
Quatermain, A., and A. E. Freeman. 1967. Estimation of maxi­
mal heritability parameters in dairy cattle breeding. 
J. Dairy Sci. 12; 1959-1965. 
Rice, L. E., and J. N. Wiltbank. 1970. Dystocia in beef 
cattle. J. Anim. Sci. 30: 1043. (Abstr.) 
Robertson, A., and I. M. Lerner. 1949. The heritability of 
all-or-none traits: Viability of poultry. Genetics 
34: 395-411. 
Sagebiel, J. A., G. F. Krause, B. Sibbit, L. Lanford, J. E. 
Comfort, A. J. Dyer, and J. F. Lasley. 1969. Dystocia 
in reciprocally crossed Angus, Hereford, and Charolais 
cattle. J. Anim. Sci. 29: 245-250. 
Schaeffer, L. R., and E. B. Burnside. 1974. Survival rates 
of tested daughters of sires in artificial insemination. 
J. Dairy Sci. 57: 1394-1400. 
Schaeffer, L. R., and J. W. Wilton. 1976. Methods of sire 
evaluation for calving ease. J. Dairy Sci. 59: 544-551. 
Schlote, W., R. Buchsteiner, and H. Wortmann. 1975. Calving 
performance in cattle; heritability estimates. 26th 
Ann. Meeting of the European Association of Animal Pro­
duction, Warsaw, June, 1975. 
Searle, S. R. 1971. Linear models. John Wiley and Sons, 
Inc., New York. 
Sidwell, G. M., D, 0. Everson, and C. E. Terril. 1962. Fer­
tility, prolificacy and lamb livability of some pure-
breeds and their crosses. J. Anim. Sci. 21: 875-879. 
Smidt, D., and R. Cloppenburg. 1967. Difficulty calving from 
a breeder's point of view. Berl. Muench. Tieraerztl. 
Wochenschr. 80: 1-4. 
Snedecor, G. W., and W. G. Cochran. 1967. Statistical methods. 
6th ed. The Iowa State University Press, Ames, Iowa. 
104 
Stegenga, T. 1964. Doodgeboren kalveren. Tijdschr. Dier-
geneesk 89: 93-97, 
Van Dieten, S.W.J. 1963. Morteliteit van kalveren bij de 
partus a terme van. M.R.IJ, Hunderen. Diss. Faculteit 
des Diergeneeskunde, Rijsuniversitet, Utrecht. 
Van Vleck, L. D. 1972, Estimation of heritability of thresho 
threshold characters. J. Dairy Sci. 55: 216-225. 
Vinson, W. E., J. M. White, and R. H. Kliewer. 1976. Overall 
classification as a selection criterion for improving 
categorically scored components of type in Holsteins. J. 
Dairy Sci. 59: 5104-2114. 
Willham, R. L. 1970. Variation in calving scores given 
Charolais cows. J. Anim. Sci. 31: 171. (Abstr.) 
Willham, R. L. 1972. The role of maternal effects in animal 
breeding. III. Biometrical aspects of maternal effects 
in animals. J. Anim. Sci. 35: 1288-1293. 
Wilson, A., M. B. Willis, and C. Davison. 1976. Factors 
affecting calving difficulty and gestation length in 
cows mated to chianina bulls and factors affecting the 
birth weight of their calves, Anim. Prod. 12: 27-34. 
Wiltbank, J. N., and W. R. Harvey. 1963, Reproductive per­
formance in beef cows in Louisiana. J. Anim. Sci. 22: 
823. (Abstr.) 
105 
ACKNOWLEDGMENTS 
I wish to express my sincere appreciation to Dr. A, E. 
Freeman for his advice and encouragement throughout my gradu 
ate study and during the preparation of this manuscript. 
Thanks to Drs. R. L, Willham, D, F. Cox, and E. Pollak 
for serving on my graduate committee. Thanks also to Dr. 
P. J, Berger for serving on my committee and his assistance 
in programming. 
Special thanks to my wife, Yandyra, and children, 
Yandyra and Claudio, for moral support during my graduate 
study and the preparation of this manuscript. 
I am sincerely grateful to EMBRAPA for the financial 
support of my entire graduate work. 
